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Abstract 
 
The Young-Davidson mine is a syenite-hosted orogenic gold deposit at the western 
end of the Cadillac-Larder-Lake deformation zone in the southern Abitibi greenstone belt, 
Canada. This study utilized oxygen isotopes to assess the sources of the fluids and evaluate 
the role of magmatic and metamorphic fluids in gold mineralization. XRD analyses 
completed on whole-rock powder samples combined with petrography provides a better 
understanding of the distribution, timing, and nature of alteration patterns and their 
relationship to gold mineralization. 
Temperatures calculated from mineral separates oxygen isotope thermometry indicate 
the fluids ranged from approximately 322 ± 25° to 431 ± 30°C. The δ18O values for fluids in 
equilibrium with these mineral at these temperatures range from 6.6 ± 0.2 to 11.8 ± 0.3 ‰. It 
can be concluded that there are multiple stages of gold mineralization at Young-Davidson 
and the formational model is proposed as a mixed magmatic-metamorphic hydrothermal 
model. 
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Chapter 1 : Introduction 
 
1.1General Introduction 
Gold mineralization at Matachewan is part of the Archean age gold metallogenic 
event in the Superior Province of the Canadian Shield. This is an important supplier of 
gold in Canada; it comprises 87.8 % (5,419 metric tons) of Canadian gold production, 
dominantly from greenstone-hosted quartz-carbonate vein deposits (Dubé & Gosselin, 
2007). The Superior Province hosts the greatest number of mineral deposits in the 
Canadian Shield, with about 80 VMS deposits, more than 100 lode gold deposits, 
magmatic nickel sulfide deposits, iron-oxide deposits and several vein-associated copper 
deposits (Poulsen et al., 1992). 
The Superior Province consists of a series of east-west trending “subprovinces” or 
terranes that are interpreted as microcontinents, remnant arcs, oceanic terranes and 
accretionary prisms (Percival et al., 2006; Lin & Beakhouse, 2012). Sanukitoid 
magmatism and gold mineralization have taken place approximately 5 to 15 m.y. after the 
local arc magmatism has ceased. This implies that the gold mineralization is related to 
accetionary evolution and stabilization of the Superior craton (Lin & Beakhouse, 2012). 
The Superior Province is comprised of alternating volcano-plutonic and sedimentary 
subprovinces, the southernmost of which is the Abitibi Subprovince (Poulsen et al., 
1992).  
The Abitibi greenstone belt is famous for its rich mineral endowment including 
gold, silver, and base metal properties and also As, W, B, Mo and Sb. The Au/Ag ratio 
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usually varies from 5 to 10 (Dinel et al., 2008). The age of the southern Abitibi province 
is 2,800-2,600 Ma and it is famous for its world-class orogenic gold deposits (e.g., 
Ludden et al., 1986; Robert, 1989; Wilkinson et al., 1999; Ayer et al., 2002). The 
southern Abitibi mineral belt contains approximately 60% of Canada’s known gold 
resources, including past productions and current reserves. The high concentration of 
gold deposits in the Archean is probably related to the growth of the continent and the 
higher number of large scale collisions between continents. Gold is associated with the 
development of major faults, the involvement of mantle plumes, and large scale 
hydrothermal fluid flow which occurred during the super continent cycles (Dubé & 
Gosselin, 2007). 
The general lithology of the Abitibi belt comprises volcanic rocks, but also 
includes ultramafic rocks, mafic intrusions, granitoid rocks, and early and middle 
Precambrian sediments. Based on the lithological and geochemical correlations, the 
Abitibi greenstone belt can be divided into 3 parts: 1) the Northern Volcanic Zone 
(NVZ); 2) the Southern Volcanic Zone (SVZ); and 3) an interveining Granite-Gneiss 
Zone, which is connected to the granite-gneiss zone of Pontiac Subprovince to the south 
(Figure 1.1; Ludden et al., 1986). A specific group of gold deposits in the Abitibi 
greenstone belt is characterized by disseminated sulfide zones that are associated with 
Timiskaming-age (~2,680 – 2,672 Ma) quartz-monzonite to syenite stocks and dikes. 
These deposits occur largely along major fault zones, related to preserved slivers of 
alluvial-fluvial, Timiskaming-type, sedimentary rocks. They have been overprinted by 
regional folding which happened consecutively (Robert, 2001). 
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Figure 1.1: Geological map of the Abitibi greenstone belt. Sources of information for the 
geology are from (Dimroth et al., 1983; Jensen, 1985; Ludden et al., 1986) and references 
in all three citations. Numerals in squares denote individual tectonic blocks: (1) Round 
Lake block; (2) Blake River-Rouyn block, (3) Val d’Or block, (4) Lacome block; (5) 
Amos block; (6) Lac Abitibi block; (7) Pontiac Subprovince. PDF = Porcupine-Destor 
fault zone; KCF = Kirkland Lake-Cadillac fault zone (reproduced from Feng et al., 1993). 
 
The principal common characteristics of most gold deposits are: 1) they occur in 
linear compound shear systems that are regional in scale; 2) they are late Archean in age; 
and 3) they are spatially associated with a suit of orogenic Archean felsic intrusions. 
However, the distribution and appearance of gold mineralization and its association to 
wall-rock alteration is variable from one deposit to another. At the local scale, the variety 
is due to the change in host lithologies, while in larger scale the variation within a single 
gold system, or between systems, can be mainly explained by the depth of the 
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mineralization. The metamorphic grade of the host rock is an indication of depth, 
although pressure and temperature conditions may differ during the life of the 
mineralizing system. This forms a vertical zonation of gold deposits (Colvine et al., 
1988). 
Poulsen et al. (1992 and 2000)  grouped the Archean-aged gold deposits in the 
Abitibi into 4 principal genetic types: 1) greenstone-hosted quartz-carbonate vein 
deposits (e.g., Kerr Addison); 2) intrusion-associated deposits (e.g., Canadian Malarctic, 
Upper Beaver); 3) turbidite-associated deposits (e.g., Pamour); and 4) gold-rich VMS 
deposits (e.g., LaRonde). Owing to this variation it is difficult to classify Abitibi gold 
deposits as a single formational model. Thus it is important to define the most significant 
factors which lead to mineralization at each deposit in order to be able to explore for 
additional deposits.    
The gold deposits in the Abitibi are part of the greenstone-hosted vein clan of 
gold deposits (Figure 1.2). They are also recognized as mesothermal orogenic, lode gold, 
shear-zone-related quartz-carbonate or gold-only deposits (Dubé & Gosselin, 2007 and 
references therein). Orogenic quartz-gold veins generally have a simple and uniform 
mineralogy and occur in areas of the crust that were extensively fractured and infiltrated 
by hydrothermal fluids. These gold deposits form in transpressional collision orogenic 
belts (Kerrich & Wyman, 1990; Groves et al., 1998; Kerrich, et al., 2000) .  
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Figure 1.2: Inferred crustal levels of gold deposition showing the different types of gold 
deposits and the inferred deposit clan (reproduced from: Dubé and Gosselin, 2007). 
 
The gold deposits in greenstone belts are dominantly associated with major 
structures, which in Canadian literature are termed ‘breaks’. These breaks generally 
feature megaboudinage, doubly plunging folds, complex anastamosing brittle-ductile 
shear zones and steeply dipping lineations  (Fryer et al., 1979; Kerrich, 1983; Colvine et 
al., 1984; Kerrich, 1987). The relationship between gold-bearing quartz veins and major 
faults are specifically demonstrated by the distribution of gold deposits in the southern 
Abitibi belt (Beaudoin & Pitre, 2005). Southern Abitibi consists of two major crustal-
scale structures: 1) the Porcupine-Destor deformation zone (PDDZ) and 2) the Cadillac-
Larder-Lake deformation zone (CLLDZ), which is shown in Figure 1.3.  
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Figure 1.3: General geologic map of the southern Abitibi greenstone belt showing 
location of major crustal scale fault zones the Porcupine-Destor deformation zone 
(PDDZ) and the Cadillac-Larder-Lake deformation zone (CLLDZ). Matachewan is 
shown with the red star (modified from Dubé and Gosselin, 2007; Dinel et al., 2008; 
Martin, 2012). 
 
The Young-Davidson gold mine is a syenite-hosted deposit located along the 
western extension of the Cadillac - Larder Lake Deformation Zone (CLLDZ) in the 
southern Abitibi province, approximately 70 km west-southwest of Kirkland Lake and a 
few kilometers west of the town of Matachewan. Gold mineralization associated with the 
CLLDZ extends from the Young-Davidson deposit to the east through Kirkland Lake, to 
the Val d’Or mining camp in Quebec. Mineralization at Young-Davidson is dominantly 
in the syenite and some of the previous studies proposed that it is an intrusion-related 
deposit rather than simply an intrusion-hosted deposit (Sinclair, 1982; Robert, 2001). 
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1.2 Purpose of The Study 
Oxygen isotope studies of gold deposits are useful for identifying a variety of 
processes including: 1) exchange during metasomatism in an open-system; and 2) 
distinguishing fluid sources with different δ18O values (Feng et al., 1993). Over the last 
few decades intensive efforts have been conducted to understand Au vein systems, 
principally from the viewpoint of geochemical and isotopic studies. This study will 
utilize oxygen isotopes to assess the sources of the fluids at the Young-Davidson deposit 
and evaluate the role of magmatic and metamorphic fluids in gold mineralization.  
 
1.3 General Geology 
A variety of rocks are found in the Matachewan region ranging from the 
deformed Neoarchean ultramafic to mafic volcanic rocks, intermediate to felsic volcanic 
rocks, alkalic intrusions and metasedimentary rocks which were dominantly 
metamorphosed to greenschist facies, similar to other districts in the southern Abitibi 
greenstone belt (Lovell, 1967; Powell, 1991; Berger & Prefontaine, 2005). 
The general geology of the Matachewan area is shown in Figures 1.4 and 1.5. The 
Young Davidson syenite is coeval with the Timiskaming metasedimentary rocks (~2686 
Ma) and occurs in structural contact with Tisdale metavolcanic rocks (~2710 Ma; Linnen 
et al., 2012). This assemblage is folded and cut by thrust faults and shear zones. They 
form as an east-west trending belt that approximately dips 75-80 degrees to the south 
(Linnen et al., 2012). This belt in turn is cut by the Paleoproterozoic (~2470 Ma) N-
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trending Matachewan swarm dykes, and then overlain by the Paleoproterozoic sediments 
of the Cobalt group (Figure 1.4; Lovell, 1967; Berger & Prefontaine, 2005). A set of 
younger ~2219 Ma Nipissing diabase dykes crosscut the Cobalt Group in the east part of 
the Powell Township and they are the youngest rocks present in this area (Lovell, 1967; 
Powell & Hodgson, 1992). Figure 1.4 shows that the Young-Davidson syenite is closely 
associated with the Cadillac-Larder Lake deformation zone, while the mineralization is 
centered on the intrusion.  
 
 
Figure 1.4: Southern Abitibi greenstone belt showing the location of the Cadillac-Larder-
Lake deformation zone, Matachewan, Kirkland Lake, Larder Lake and various available 
age dates from the area (reproduced from Zhang et al., 2011; Martin, 2012; Linnen et al., 
2012). 
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Figure 1.5: Local geology of the Matachewan area showing location of Young-Davidson, 
Cadillac-Larder-Lake deformation zone and Montreal River Fault (reproduced from 
Zhang et al., 2011; Martin, 2012; Linnen et al., 2012). 
 
The lithological units in the Matachewan region are as follows: 
1.3.1 Ultramafic Volcanic Rocks 
The main characteristic of Tisdale ultramafic volcanic rocks, previously termed as the 
lower unit of the Larder Lake Group, 2730 – 2700 Ma by (Powell et al., 1991), is the 
presence of dark green to black fine grained flows, interlayered with mafic volcanic 
rocks. There are also sulfide minerals locally in the ultramafic volcanic rocks and 
previous studies had proposed gold is potentially present along the contact between 
ultramafic flows and clastic metasedimentary rocks in the northern part of this area 
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(Berger & Prefontaine, 2005).  Figure 1.5 shows that these ultramafic volcanic rocks 
layers are in tectonic contact with Timiskaming sedimentary rocks. 
 
1.3.2 Mafic Volcanic Rocks    
Another type of rocks which belong to the Tisdale assemblage is mafic volcanic. They 
consist of massive flows, variolitic flows, brecciated flows and basaltic pillows and they 
are metamorphosed to sub-greenschist to greenschist facies (Figure 1.5). Structurally, 
these rocks occur in three separate banded units that trend approximately NW-SE and are 
repetitively located between the sedimentary rock units of the Timiskaming assemblage 
(Figure 1.5), consistent with previous mapping (e.g. Berger & Prefontaine, 2005). The 
stratigraphy is repeated because of an early generation of isoclinally upright folding 
deformation, determined as D0, and will be discussed in section 1.4. Mafic volcanic rocks 
are unconformably overlain by the Proterozoic Gowganda Formation at the southern 
boundary (Figure 1.5; Berger & Prefontaine, 2005; Lucas, 2008).  
 
1.3.3 Mafic Intrusive Rocks 
Mafic intrusive rocks in this area are characterized by fine to medium-grained 
gabbros and pyroxenites that outcrop in a narrow band in the southern part of Cairo 
Township (Figure 1.5). These types of rocks are associated with the ultramafic and mafic 
volcanic rocks and they may contain small comagmatic, subvolcanic sills or dykes. 
Common magmatic texture and high magnetic susceptibility suggests that the intrusive 
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rocks are different from the host mafic volcanic rocks; however there aren’t any 
distinguishable contacts between the intrusive rocks and the wall rock mafic volcanic 
(Linnen et al., 2012). 
 
1.3.4 Intermediate and Felsic Volcanic Rocks 
Intermediate volcanic rocks comprised of lapilli tuff, volcanic debris, tuff breccias 
and massive flows that occur with mafic volcanic rocks, particularly in the Cairo 
Township (Figure 1.5). Felsic rocks are locally scattered and include massive rhyolite 
flows, quartz-feldspar rich tonalite and fine-grained aplite.  Fine-grained disseminated 
pyrite or pyrite patches are also present in these intermediate and felsic volcanic rocks 
(Linnen et al., 2012). Previous studies by Ayer et al., (2002), had proposed that these 
intermediate and felsic volcanic rocks may belong to the upper part or younger phase of 
the Tisdale assemblages. Recently two samples have been taken from these felsic rocks 
and yielded the age of 2703 ± 1 Ma (Linnen et al., 2012) which is similar to the age of the 
Tisdale assemblage (2710 -2703 Ma) in the Timmins area and southern CLLDZ in the 
Kirkland Lake area (Ayer et al., 2002).  
 
1.3.5 Timiskaming Sedimentary Rocks  
The youngest supracrustal unit in the southern Abitibi greenstone belt is 
Timiskaming sedimentary rocks (2687 to 2675 Ma; Ayer et al., 2002 and 2005). This unit 
is composed mainly of clastic sedimentary rocks, which include fine- to coarse-grained 
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sandstone, wacke, chert, siltstone, and polymicitic conglomerate deposited in alluvial and 
fluvial environments (Mueller et al., 1994; Ayer et al., 2002). The Timiskaming 
sedimentary assemblage unconformity overlays the older mafic volcanic rocks (Figure 
1.5). In the Matachewan area it can be divided into two strips located between mafic 
volcanic rocks (Figure 1.5; Berger, 2006). The southern strip consists of poorly sorted 
conglomerate (mainly scattered along the contact with the southern band of the mafic 
volcanic rocks), sandstone, siltstone and rare chert whereas the northern strip commonly 
contains well sorted medium to fine-grained greywacke, quartz sandstone, siltstone and 
minor argillite (Linnen et al., 2012).  
 
1.3.6 Mafic Syenite, Syenite and Syenite (Quartz-Feldspar) Porphyry 
Alkaline intrusions crosscut Tisdale and Timiskaming rocks in the Matachewan 
region. These intrusions consist of syenite, syenite porphyry, mafic syenite and 
lamprophyre, which occur as dykes, sills and small to large plutons (Figure 1.5). In the 
Kirkland Lake district the alkalic plutons range in age from 2685 to 2673 Ma (Corfu et 
al., 1989; Wilkinson et al., 1999; Ayer et al., 2002). Syenite is massive, coarse- to 
medium-grained and equigranular locally, with a trachytic texture and a pinkish-red 
colour. The syenite consists of approximately 60-90% plagioclase and potassic feldspar, 
10-15% carbonate and iron-carbonate with quartz, pyrite, magnetite, hematite, rutile, 
chlorite, biotite, apatite and anhydrite (Martin, 2012; Linnen et al., 2012; Figure 1.6 A). 
In Powell Township, syenites are present as small plutons and the Young-Davidson 
syenite is typical (Figure 1.5).  
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Another type of syenite observed in the Matachewan area is porphyritic, 
characterized by large euhedral potassium feldspar phenocrysts (0.5 to 1cm) in a matrix 
of medium- to fine-grained feldspar, quartz and biotite and it is pinkish red to grey in 
color (Figure 1.6 B). The fresh surface is pinkish brown and the weathered surface is 
light to dark grey. Porphyritic syenites occur as small dykes and their outcrops are found 
mainly in the eastern-middle part of the Powell Township (Figure 1.5; Linnen et al., 
2012). Mafic syenite is dominated by mafic minerals (e.g., hornblende and biotite) and its 
color ranges from dark pinkish to grey (Figure 1.6 C). There are sharp contacts between 
the mafic syenite and porphyritic syenite, displaying the intrusive relationship between 
them, although it is difficult to determine which one has emplaced earlier (Figure 1.6 C; 
Linnen et al., 2012). According to (Ayer et al., 2002), alkaline magma has been 
differentiated and intruded over several short time periods between 2687 and 2672 Ma 
and sharp contacts may suggest different phases of this alkaline magma. Syenite is also 
present as boulders in Timiskaming conglomerate and this is significant in dating the 
rocks in order to reveal the depositional timing of the Timiskaming assemblage. It 
demonstrates that the Timiskaming sedimentation and Timiskaming intrusions occurred 
at the same time (Figure 1.6 D; Linnen et al., 2012). 
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Figure 1.6: Photos representing different textures in syenite and its contact with other 
alkaline intrusions. A) Typical pinkish coarse-grained syenite with euhedral K-feldspar 
aggregates. B) Syenite porphyry characterized by megacryst of K-feldspar and medium-
grained matrix of feldspar, hornblende, biotite and quartz. C) Intrusive contact between 
mafic syenite and syenite. Note the porphyritic texture in the mafic syenite. D) Syenite 
boulders preserved within the Timiskaming conglomerate along the southern margin of 
the Cairo stock (modified from Linnen et al., 2012). 
 
1.3.7 Matachewan Dykes 
Matachewan diabase dykes trend NNW-N, range in thickness from a few meters 
to 50m and their age is Paleoproterozoic (~2470 Ma; Heaman, 1997). They intrude all of 
the Neoarchean rocks located in this area (Figure 1.5). Dykes are normally coarse to 
medium grained and consist of euhedral lath-shaped plagioclase and pyroxenes with a 
diabase texture. Most of the dykes in Matachewan area are cut by epidote-chlorite-
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carbonate stringers, which indicate that they have been overprinted by a late 
hydrothermal event. The Gowganda Formation of the Cobalt Group of the Huronian 
Supergroup consists of clastic metasedimentary rocks and unconformably overlays the 
diabase dykes (Linnen et al., 2012). The Nipissing dyke swarm has intruded the Cobalt 
Group and has an age of ~2219 Ma and this can be considered as the minimum age for 
the Cobalt Group (Lovell, 1967; Berger & Prefontaine, 2005).  
 
1.4 Local Geology 
The Young-Davidson syenite is coarse grained with variable textures including 
trachytic to porphyritic. The syenite intruded along the contact between Timiskaming 
sedimentary rocks to the north and Tisdale mafic and ultramafic volcanic rocks to the 
south (Figure 1.4 and Figure 1.5; Martin, 2012). The mine-scale geology of Young-
Davidson is illustrated in Figure 1.7. There is a strong association between syenite and 
CLLDZ in Young-Davidson deposit and the gold mineralization is mainly hosted by 
syenite. Since the early discovery of gold in the Matachewan area, a wide range of 
structural investigations have been emphasized on the CLLDZ and have established 
numerous interpretations regarding the deformational history of the CLLDZ (Lovell, 
1967; Sinclair, 1982;; Hamilton, 1983; Toogood and Hodgson, 1985; Robert, 1989; 
Hodgson et al., 1991; Wilkinson et al., 1999;; Rhys, 2003; Ispolatov et al., 2005; Berger 
& Prefontaine, 2005; Ispolatov et al., 2008). The deformation in the Matachewan area is 
the western extension of the CLLDZ and has sustained polyphase deformation, alteration 
and mineralization (Linnen et al., 2012).  
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Figure 1.7: Mine-scale geologic map of Young-Davidson showing the distribution of 
major Archean rock types and the location of the CLLDZ (Zhang et al., 2011; Linnen et 
al., 2012). Historic and current shaft/ramp locations are shown and labeled. 
Mineralization is highlighted in yellow and the locations of the two N-S vertical cross 
sections are shown. The location of the ore crosscut is projected to surface. Grid is in 
meters, i.e., 50m x 50m. This figure is centered on the YD syenite and the mine site is at 
the center of the figure. (After: Lucas, 2007 and Zhang et al., 2011; reproduced from 
Martin, 2012). 
 
Two former mines, Young-Davidson and Matachewan Consolidated mined the 
west and east end of the Young-Davidson syenite, respectively (Sinclair, 1982). The 
property consists of contiguous mineral leases and claims totalling 11,000 acres and is 
situated on the site of two past producing mines that produced one million ounces in the 
1930s–1950s (AuRico, 2012). Historically, gold production in the Young-Davidson was 
mainly associated with quartz-carbonate veins in intrusive, as well as, volcanic and 
sedimentary rocks. In late 2005 Young-Davidson was acquired by the Northgate Minerals 
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Corporation which was subsequently purchased by Aurico Gold Corporation. Their 
drilling process has now developed the underground resource to a measured and indicated 
resource of 14.6 million tonnes at an average grade of 2.03 g/t Au and a demonstrated 
and probable reserve of 46.6 million tonnes at an average grade of 2.56g/t Au (AuRico, 
2011, Linnen et al., 2012). Northgate minerals was acquired by the current possessor-
operator Aurico Gold Corporation in 2011 and the mine site started production in early 
2012. Current production is coming from an open pit forecast to produce 65,000-75,000 
ounces in 2012 and 135,000-155,000 ounces in 2013. The mine is expected to ramp-up to 
over 250,000 ounces of annual peak production by 2016 (AuRico, 2012). 
There have been numerous previous investigations of the deformational sequence 
of this area. For instance, Robert (1989) has defined D1 and D2 as post-Timiskaming 
deformations whereas Hodgson & Hamilton (1989) have defined D0 as pre-Timiskaming 
deformation and D1 as post-Timiskaming deformation. In addition, Wilkinson et al. 
(1999) have defined D1 as the pre-Timiskaming deformation and D2-D3 as the post-
Timiskaming deformations. On the other hand, Powell & Hodgson (1992) have defined 
the DA0 to DA4 as the deformational sequence occurring in Archean and Dp1 as the 
deformation in the Proterozoic. This report will summarize the studies carried out by 
Zhang et al. (2011) and Linnen et al. (2012). D0 to D4 will be used as the deformational 
sequence. In general D is used for deformations, S for foliation/cleavage and L for 
lineation. D0 structures consist of S0, F0 and L0. D1 to D4 apply the same definitions. 
Meanwhile, D1 and D2 in this report are equivalent to D2 and D3 determined by 
Wilkinson et al. (1999) and Rhys et al. (2003). 
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Five main post-Timiskaming deformation episodes are recorded in the Archean 
rocks of the Matachewan area: D0 – D4. A significant observation is that the Matachewan 
D1 deformation is equivalent to the regional D2 deformation (Matachewan D2 = Regional 
D3).  
 
 1.4.1 D0 Deformation 
D0 deformation is the earliest episode of deformation and is characterized by 
regional upright and tight to isoclinal folds (F0) and fold axial planes (S0). Both volcanic 
sequence and Timiskaming sediments were folded and tilted to a sub-vertical orientation 
during the D0 deformation (Figure 1.5). Emplacement of syenite and Timiskaming 
sedimentation were coeval, and postdates the D0 deformation (Figure 1.6 D). Therefore 
the D0 deformation should have happened at 2703 to 2682 Ma. Due to the lack of index 
minerals and penetrative foliation, the most feasible metamorphic grade occurring in this 
area is a maximum of sub-greenschist facies (Linnen et al., 2012). 
 
 1.4.2 D1 Deformation 
D1 deformation has produced the main structures of the Matachewan District and 
was the consequence of a NE-SW-orientated bulk compression. The principal structures 
generated through this deformation stage contain isoclinals folds F1, penetrative foliations 
S1, thrust faults, and mineral stretching lineations L1. Berger (2006) proposes the age of 
D1 deformation as equal to the youngest age of the syenite intrusions; sometime after 
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~2675 Ma. D1 deformation extended and overprinted on the early sub-vertical structures 
and generated L1 mineral lineations and thrust faults.  Formation of the regional 
greenschist facies metamorphism is correlated to D1. Dominant chlorite-carbonate-
fuchsite alteration characterizes the penetrative S1 foliations characteristic in the mafic 
volcanic rocks. The mineral aggregation of S1 foliation in the syenite is chlorite + 
carbonate + sericite + feldspar + pyrite ± biotite, which is a typical mineral assemblage of 
greenschist facies metamorphism.   
 
 1.4.3 D2 Deformation 
D2 deformation features are top-to-NW oblique thrusting and associated strike-
slip shearing. This deformation stage took place under a NW-SE-oriented compression. 
D2 deformation has overprinted the D1 deformation fabrics, heterogeneously and 
generated fold F2, crenulation cleavage to penetrative foliation S2 and mineral lineation 
L2 (Linnen et al., 2012). Previous studies had indicated that the main part of CLLDZ is 
the result of the D2 deformation (Wilkinson et al., 1999; Lafrance, 2009) and the general 
structures of the CLLDZ support the geometric similarities with the D2 fabrics. There is 
not any adequate available isotopic age data that would determine the minimum age for 
the D2 deformation. 
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 1.4.4 D3 Deformation 
D3 deformation has produced a series of ‘S’-type F3 open folds and related fold 
axial plane called S3. This specific deformation stage is the consequence of NE-SW 
compression (Linnen et al., 2012). Since there is a lack of index mineral, it has been 
impossible to obtain a reasonable age for the D3 deformation. However, regional 
Neoarchean NE-trending and N-S-trending faults crosscut D3 fabrics and this leads to an 
interpretation of an Archean age (Powell & Hodgson, 1992). S3 is a semi-brittle to brittle 
cleavage, which strikes NW-SE and dips to NE at high angle and suggests that the D3 
deformation was created at P-T conditions that were lower than earlier D1 and D2 
deformations.  
 
 1.4.5 D4 Deformation 
Main characteristics in D4 deformation include variable scales of brittle faults, the 
majority of which crosscut the D0 to D3 fabrics of this area. These variable scales of 
brittle faults are the youngest deformation event in the southern Abitibi greenstone belt. 
The faults crosscut and displace Matachewan mafic dykes and are considered to be 
Proterozoic in age (Linnen et al., 2012). The Mistinikon Lake fault and the Montreal 
River fault are among the first order of brittle faults that roughly displace the Neoarchean 
rocks along the N-S orientation (Figure 1.5). Another type of brittle fault which has been 
classified as second order are pervasive NW-SE-trending and SW-dipping faults that 
intersect the southern Young-Davidson mine property. Gowganda Formation displays a 
sharp increase in depth to the southwest, which suggests that these faults might have 
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constrained the deposition of Gowganda Formation and have formed during the 
Neoarchean to Paleoproterozoic (Figure 1.5). The NE-trending faults are categorized as 
the third order faults and demonstrate explicit left lateral displacement. These faults also 
control mineralization, locally.  
 
1.5 Vein Systems and Gold Mineralization 
Syenite-hosted gold mineralization is divided into 4 principal zones by Young-
Davidson geologists: Upper Boundary Zone (UBZ), Lower Boundary Zone (LBZ), 
Lucky Zone (LZ) and the Lower YD Zone (LYDZ). As determined from structural 
mapping of an 80 m ore cross-cut by (Zhang et al., 2011) and illustrated in Figure 1.8 
with examples of each individual recognized vein type in Figures 1.8, B, C and D, three 
major vein generations have been determined in the Upper Boundary Zone (UBZ). 
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Figure 1.8: Structural map and examples of different vein types at the UBZ ore cross-cut. 
A) Structural map of the ore cross-cut highlighting vein types and contact relationship 
with the syenite (Modified from: Zhang et al., 2011). B) Steeply dipping boudinaged V1 
iron-carbonate vein with chlorite ± pyrite rim, crosscut by later planar V3 K-feldspar 
altered vein. C) Moderately dipping quartz-pyrite veinlets, boudinaged, deformed, with 
abundant pyrite hosted in intensely altered syenite. D) V3 quartz-carbonate veins, 
relatively planar, en-echelon, tension-gash type veins, minor associated pyrite 
(reproduced from Martin, 2012). 
 
1.5.1 V1 veins 
 
V1 veins are the earliest formed veins at Young-Davidson. They are strongly 
deformed and boudinaged quartz-iron-carbonate (ankerite) veins that are found in the 
syenite in all zones and V1 veins represent identical features regardless of the zone. They 
are <5cm to >20cm thick, trend SSW and dip at moderate to high angles. V1 veins 
contain 70-80% ankerite, 10-15% quartz and lesser amounts of K-feldspar, chalcopyrite, 
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galena, pyrite, magnetite, molybdenite and trace gold as inclusions in pyrite. These veins 
usually have a thin chlorite ± pyrite selvage (Linnen et al, 2012, Martin, 2012). The 
presence of tartan-twinned hydrothermal K-feldspar in these veins implies that they 
formed at high temperature (> 300°C; Nesse, 2000).V1 veins are crosscut by V3 veins and 
syn-D1 thrust faults. These crosscut relationships suggest that these veins were pre-D1 
and coeval with syenite emplacement (Zhang et al., 2011).   
 
1.5.2 V2 veins 
V2 veins have been classified as the second vein set from the UBZ. They are 
boudinaged and folded quartz-pyrite veinlets, mainly hosted in syenite. They range from 
<2cm to 10cm in length and a few centimeters in width and dip to NE at shallow to 
moderate angles. These veins contain up to 90% quartz or 90% pyrite with carbonate, 
chlorite and rutile. Pyrite in these veins is corroded along fractures and contains 
inclusions of hematite, magnetite, rutile, chalcopyrite and gold. Gold also occurs along 
fractures in pyrite (Linnen et al., 2012; Martin, 2012). V2 veins are the main gold-bearing 
vein generation in the ore cross-cut in the UBZ and according to the structural 
correlations they post-dated D1 deformation and pre-dated or developed during the D2 
deformation (Zhang et al., 2011). 
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1.5.3 V3 veins 
The third vein type from the UBZ are V3 veins, which are large, relatively 
undeformed and planar quartz-carbonate veins developed during the late D2 deformation 
and they are associated with the CLLDZ.  They are typically >30cm (locally >2m) in 
length and >10cm thick and, dip to the NE at shallow angles. These veins contain 
variable amounts of quartz and carbonate with K-feldspar, chlorite, pyrite, galena, 
chalcopyrite, scheelite and native free gold. Pyrite in V3 veins is commonly euhedral and 
is identified by much lower contents of mineral inclusions compared to other vein types. 
Inclusions inside pyrite in V3 veins consist of galena, chalcopyrite and minor rutile 
whereas hematite and magnetite occur as inclusions inside pyrite in V2 veins. Tartan-
twinned K-feldspar is also present in V3 veins in syenite and sediments and implies vein 
forming temperature of > 300ºC (Nesse, 2000), similar to V1 veins. There is an 
association between potassic-hematite and pyrite alteration haloes in V3 veins in the 
syenite and sedimentary host rocks and V3 veins are structurally equivalent to V2 veins; 
they post-date the D1 deformation, are syn- to late-D2 deformation, and are crosscut by 
late east-west trending shear zones (Linnen et al., 2012).  
 
1.5.4 Other vein generations 
Several other vein generations have been recognized in other zones of Young-
Davidson deposit that are mineralogically distinct from the main vein generations 
recognized at the ore cross-cut. Due to the lack of crosscutting relationships between 
25 
 
 
these veins it is hard to define timing for them. Other vein generations include barite-
fluorite, carbonate-hematite-magnetite, quartz-chlorite, quartz-tourmaline and late brittle 
carbonate veins, stringers and fault-fill (Martin, 2012). Most of these veins are not 
mineralized with the exclusion of sediment-hosted quartz-tourmaline veins, which are 
present east of the original resource. Planar quartz-tourmaline ± carbonate veins are 
dominant among other types of vein generations in syenite and sedimentary rocks and 
contain 60-70% quartz, 25-30% tourmaline and accessory iron-carbonate, chalcopyrite 
and chlorite. In other gold deposits in the Abitibi existence of tourmaline strongly 
indicates the mineralization zone (Robert et al., 1995; McCuaig & Kerrich, 1998; 
Beaudoin & Pitre, 2005). 
 
1.5.5 Gold mineralization 
Gold is mainly associated with disseminated pyrite and pyrite grains present in the 
different vein types (V1, V2 and V3). The only case where gold is not accompanied along 
with pyrite is when gold is present as native free-gold grains in V3 quartz-carbonate veins 
or it is related to other sulfides (galena, chalcopyrite) in these veins (Linnen et al., 2012).  
Two textural types of pyrite have been identified based on petrographic analysis of the 
different generations of mineralization, inclusion composition, grain morphology and the 
vein relationship. The first classification of syenite-hosted gold mineralization is detected 
in V1 veins, V2 veins and disseminated pyrite and appears as inclusions and along 
fractures in type 1 pyrite. The second classification of syenite-hosted gold mineralization 
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is correlated with V3 veins where gold appears along fractures in type 2 pyrite grains and 
also as free gold along quartz-carbonate grain boundaries (Martin, 2012). 
In general type 1 pyrite contains abundant oxide minerals inclusions and has 
fractured and corroded grain boundaries. In V1 veins, type 1 pyrite contains inclusions of 
magnetite, chalcopyrite, galena, telluride minerals, gangue minerals and gold. In V2 
veins, type 1 pyrite is corroded along fractures and contains abundant inclusions of 
hematite, magnetite, rutile and chalcopyrite. Gold exists as inclusions and also along 
fractures in the pyrite in V2 veins. Type 1 pyrite in V2 veins is similar to type 1 
disseminated pyrite grains in terms of inclusions; they both contain abundant hematite, 
magnetite and rutile inclusions. They also display irregular grain-grain boundaries and 
they are commonly fractured. In V3 veins, gold exists as inclusions in disseminated type 1 
pyrite in alteration haloes. The concentration of type 1 disseminated pyrite is highest in 
coarse-grained trachytic syenite that has undergone pervasive potassic-hematite-pyrite 
alteration in zones crosscut by abundant V2 and V3 veins (Linnen et al., 2012; Martin, 
2012). 
  In comparison, type 2 pyrite is commonly euhedral and is identified by a lack of 
oxide minerals inclusions such as hematite and magnetite.  Type 2 pyrite grains are 
present in V3 veins and also as disseminated pyrite in sections where it is dominated by 
carbonates between large feldspars in the syenite. In V3 vein mineralization, gold occurs 
as inclusions and along outer boundaries of type 2 pyrite grains, as well as along fractures 
in type 2 pyrite grains. Gold also occurs along quartz-carbonate grain boundaries in V3 
veins and with recrystallized quartz grains along the boundaries of larger quartz grains 
(Linnen et al., 2012). 
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In summary, gold mineralization is dominantly hosted by syenite in quartz ± 
pyrite ± carbonate veins and related sulfidation halos that were generated during D2 
deformation. Gold is also present in albitized volcanic rocks and in quartz-carbonate 
veins in the Timiskaming sedimentary rocks. The major stage of gold mineralization is as 
inclusions in V2 pyrite, and to a lesser extent with V1 veins. V3 veins also contain gold, 
along quartz-carbonate grain boundaries and as inclusions in disseminated pyrite in the 
zones with intense potassic-hematite alteration. Another type of gold present in V3 veins 
is as free gold (Martin R., 2012).  
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Chapter 2 : Methods 
 
2.1 Sample Collection and Preparation of the Samples 
Two types of samples were collected in this study for isotopic analysis. A hundred 
and fourteen whole-rock samples were taken for oxygen isotope analysis, and 43 mineral-
separated samples.  Of the latter, 32 samples came from V1, V2 and V3 veins including 
quartz, hematite, potassium feldspar, tourmaline, biotite, chlorite and scheelite; these 
were analyzed for their δ18O values.  The remaining 11 samples were ankerite and calcite 
samples taken from V1, V2 and V3 veins; these were analyzed for both their δ
18
O and 
their δ13C values. 
Preparation for oxygen and carbon analyses for mineral separates started by 
isolating the vein as best as possible from the rest of the rock using a rock saw and then 
continued by crushing the vein into centimeter-sized pieces with a hammer.  A mortar 
and pestle was then used to crush these pieces further into very fine sand-sized particles. 
Grains were then separated using a binocular microscope and forceps. All quartz samples 
were washed with a 10% hydrochloric acid (HCl) solution and then analyzed by XRD to 
ensure sample purity from possible carbonate contamination.  For the carbonate 
separation, carbonate source (metamorphic vs. alteration) was first determined to assess 
for mineral equilibrium for temperature calculations.  Carbonate source was distinguished 
based on the isotopic values obtained for the mineral.  Meteoric sources should be 
considerably more negative than magmatic sources (Sheppard et al., 1986; Ohmoto & 
29 
 
 
Rye, 1979). Additionally, the paragenesis of the carbonate phase was determined by thin 
sections analysis.  
 
2.2 Quartz acid washing procedure 
After separating quartz from veins, samples were crushed using a mortar and 
pestle into a fine powder. Samples were then weighed and soaked in a 10% HCl solution 
at approximately 50-75°C for about 3 hours, or until effervescing ceased and all possible 
carbonate contamination was dissolved. Acidified samples were then centrifuged, and the 
remaining powder washed 3 times with distilled water. Clean samples were then dried in 
a 60°C oven and then re-weighed to determine the quartz yield. 
 
2.3 Stable Isotope Analysis 
The oxygen- and carbon- isotope compositions for whole-rock and separated 
minerals are reported in the δ-notation as compared to VSMOW (Vienna Standard Mean 
Ocean Water) for oxygen (Craig, 1961) and VPDB (Vienna Pee Dee Belmenite) for 
carbon (Craig, 1957). The δ-notation is defined as: 
    
       
    
  
where R represents the ratio of the heavier isotope over the lighter isotope of various 
elements such as 
18
O/
16
O and 
13
C/
12C for a sample “a” and a standard “std”.  The values 
are reported as per mil (‰) (Coplen, 2011).  
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2.3.1 Oxygen Isotope Analysis 
The technique applied for extracting oxygen from whole-rock and mineral 
samples was based on the conventional method of Clayton and Mayeda (1963), as 
modified by Borthwick and Harmon (1982) for use with ClF3. Oxygen isotope analyses 
of whole-rock and separated minerals were performed in the Laboratory for Stable 
Isotope Science at Western University. About 8 to 9 milligrams of powdered samples 
were weighed into spring-loaded stainless steel sample holders and were placed under 
vacuum at 150°C overnight to eliminate any adsorbed water. Samples were then loaded 
under a dry nitrogen flow into nickel reaction vessels and then pretreated under vacuum 
at 300°C for 2 hours. Samples were then reacted with chlorine trifluoride (ClF3) reagent 
at 580°C for 18 hours and oxygen was liberated from the silicate in mineral structure. 
The ClF3 reacted with the silicate structure to liberate oxygen and bond with free silicon. 
The released oxygen gas was then quantitatively converted to carbon dioxide (CO2) over 
a heated graphite rod and oxygen yields in the form of CO2 were calculated in 
micromoles per milligram to evaluate completion of the conversion. The δ18O values of 
the CO2 were measured using a dual-inlet DeltaPlus XL mass spectrometer. Samples in 
each run were compared to at least two lab standards. Repeat isotopic analyses of oxygen 
in samples and standards measured for this experiment showed a reproducibility of less 
than ±0.2‰.The expected δ18O values of the standards used were: ORX (internal 
laboratory standard quartz sand; +11.5 ± 0.2 ‰), NSB-30 (biotite; +5.1 ± 0.2 ‰), and 
BAS-206 (internal laboratory standard basalt; +7.5 ± 0.2 ‰).  
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2.3.2 Oxygen- and Carbon-Isotope Analysis of Carbonates 
About 0.01 to 0.2 mg of samples consisting of ankerite and calcite were reacted 
with orthophosphoric acid (H3PO4) under vacuum for 60 min at 90 ± 1 °C in an 
adaptation of the method described by (McCrea, 1950) using a Micromass MultiPrep 
automated sampling device coupled with a VG Optima dual-inlet, gas-source mass 
spectrometer.  The samples were loaded into Pyrex MultiPrep reaction vials and placed in 
a vacuum oven to be dried overnight at 65 °C. Dry samples were capped using septum-
lined vials and placed into a MultiPrep
 
sample tray attached to a Gilson autosampler and 
evacuated. Acid was managed automatically and each sample reacted at 90 ± 1 °C and for 
60 min before cryogenic extraction and transfer of CO2 to the mass spectrometer.  
The δ13C values were calibrated relative to VPDB using standards NBS-19 and Suprapur, 
and δ18O values were calibrated relative to VSMOW using standards NBS-19 and NBS-
18.  Precision for the standards was ± 0.02 ‰ for δ13C and ± 0.03 ‰ for δ18O values. The 
expected δ13C values of the standards used were: NBS-18 (carbonatite; −5.0 ± 0.1‰), 
and WS-1 (internal lab standard calcite; +0.8 ± 0.1‰). The expected δ18O values of the 
standards used were: Suprapur (internal lab standard synthetic calcite; +13.1 ± 0.2 ‰) 
and for WS-1 (internal lab standard calcite; +26.4 ± 0.2 ‰). The amount of carbonate in 
the samples (wt. %) was determined using a calibration curve derived from the intensity 
of the mass 44 beam and the carbonate content of calcite standards.  
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2.4 XRD Method 
X-Ray Diffraction (XRD) analyses were used to identify the crystalline 
components of samples. XRD was performed in the Laboratory for Stable Isotope 
Sciences at Western University. Powdered samples (~200 mg) were packed into the back 
window of aluminum plates, mounted to glass slides, in order to ensure random 
orientation of the crystals and minimize strain (surface energy) that can offset peak 
positions. Diffractions were collected from 2º to 82° 2θ, with a step size of 0.02° and 
scanning speed of 10°/min using a Rikagu Rotaflex diffractometer, operating at 45kV and 
160mA with a Cobalt rotating anode source (Co Kα, λ=1.7902Ǻ). Diffractograms were 
analyzed using Bruker DIFFRAC 
plus
 EVA software package  to exhibit data graphically 
as scattered patterns and mineral phases were correlated to the International Center for 
Diffraction Data (ICDD) PDF4 database. 
 
2.5 Optical microscopy 
A total of 25 syenite samples taken from Lower Boundary Zone and Lower YD 
Zone were made into polished thin sections in the Rock Preparation Laboratory at the 
Western University. Out of these 25 thin sections, 11 syenite samples are from Lower 
Boundary Zone and the remaining 14 syenite samples are from Lower YD Zone. 
Thin sections were studied in both reflected and transmitted light using a Nikon 
Eclipse LV100 POL microscope in the Earth and Planetary Materials Imaging and 
Analysis Laboratory at Western University. The microscope has a 10X optical eyepiece 
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and five attached optical lenses at 2.5X, 10X, 20X, 40X and 100X. Petrographic 
descriptions are given in Appendices C and D. Photographs were taken using a Nikon 
Digital Sight DS-Ri1 high resolution digital camera which is attached to the microscope 
and manipulated using the NIS-Element software. 
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Chapter 3 : Alteration and Mineralogy 
 
3.1 Alteration Characterized by XRD  
 
Syenite-hosted mineralization is divided into 4 principal zones by Young-
Davidson geologists: the Upper Boundary Zone (UBZ); Lower Boundary Zone (LBZ); 
Lucky Zone (LZ); and the Lower Young-Davidson Zone (LYDZ). Cross section 
23240mE comprises the Lucky Zone and Lower Boundary Zone, while cross section 
22790mE encompasses the Lower Young-Davidson Zone (Figure 1.7). 
X-ray diffraction analyses have been completed on 41 whole-rock powder 
samples including syenite, sediments and lamprophyre from the LZ and LBZ, and 40 
whole-rock powder syenite samples from the LYDZ. These samples were, as much as 
possible, vein-free in order to establish whether there are pervasive alteration patterns in 
the rock. Of the 41 whole-rock powder samples, 6 were taken from the LZ, and 35 
samples were from the LBZ. Additionally, 6 ore cross-cut samples from the east and west 
walls from the Upper Boundary Zone were also analyzed for mineralogical composition. 
All the XRD patterns are presented in Appendices E, F, G and H. 
This analysis reveals that the main mineral assemblages in sediments, 
lamprophyre and syenite taken from the LZ were albite, microcline, quartz, muscovite, 
ankerite, calcite, barite, anhydrite, hematite, chlorite, biotite and rutile. Biotite was found 
only in the lamprophyre, calcite, barite and anhydrite appeared in the sediments, and 
hematite was uniquely present in the syenite samples from the LZ mineralization.  
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Primary minerals found in the LBZ were the same as the LZ, with two additional 
minerals having been identified: magnetite and dolomite. 
In the LYDZ, the principal minerals were albite, microcline, muscovite, biotite, 
ankerite, calcite, hematite, magnetite, rutile, chlorite, actinolite, zoisite, epidote, zircon 
and talc.  The LYDZ contained minimal to no quartz (concentration was <1% in XRD 
patterns); barite was also absent in this zone. Amphibole minerals such as actinolite, 
sorosilicate minerals like epidote, and its group members such as zoisite, were also 
detected in the LYDZ. One sample also contained high enough levels of zircon to be 
detected.  
Finally, ore cross-cut samples consisted of albite, microcline, quartz, muscovite, 
calcite, ankerite, hematite, chlorite and barite. Chlorite and barite were only present in the 
samples taken from the east wall. 
It is difficult to distinguish ankerite from dolomite by X-Ray diffraction; SEM is a 
better instrument for this determination. The potassium feldspars are dominantly 
microcline, while albite appeared to be the most common sodium feldspar. Rutile was 
present in all zones including LZ, LBZ and LYDZ (except in ore cross-cut samples). 
Sulphate minerals, barite and anhydrite, were present in LZ and LBZ, whereas the LYDZ 
only contained anhydrite; in the ore cross-cut only barite was present. Chlorite was found 
in all zones, and biotite was absent only in ore cross-cut samples.  Table 1 summarizes 
the complete mineral distribution among all three studied zones, as well as in ore cross-
cut samples. 
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Minerals  Lucky zone  
Lower Boundary 
Zone   
Lower YD 
Zone 
Ore Cross-Cut 
Carbonates  √ (Ank, Cal)  √ (Ank, Cal, Dol)  
√ (Ank, 
Cal)  
√ (Ank, Cal)  
Hematite  √  √  √  √  
Magnetite  ˣ  √  √  ˣ  
Rutile  √  √  √  ˣ  
Sulphates  √ (Brt, Anh)  √ (Brt, Anh)  √ (Anh)  √ (Brt)  
Biotite √  √  √  ˣ 
Chlorite √ √ √ √ 
Amphibole ˣ ˣ √ (Act)  ˣ 
Epidote  ˣ  ˣ  √  ˣ  
Clinozoisite ˣ ˣ √  ˣ 
Quartz √  √  ˣ  √  
Feldspars  
(Alkali and 
Plagioclase)   
√  √  √  √  
 
√: Mineral is present      ˣ: Mineral is absent  
Table 3.1: A comparison of alteration characteristics in distinct zones in LZ, LBZ, LYDZ 
and ore cross-cuts. Mineral abbreviations are taken from Whitney & Evans (2010) as 
follows: Ank=ankerite, Cal=calcite, Dol=dolomite, Brt=barite, Anh=anhydrite, 
Act=actinolite. 
 
The alteration characteristics determined by powder X-Ray diffraction varied 
among zones, which suggest that alteration may be zoned from shallower to deeper parts 
of the deposit. 
The LZ is a shallow mineralization zone, and the abundance of ankerite increased 
and that of calcite decreased towards the zone of mineralization. In terms of oxide 
minerals, the LZ was dominated by hematite.  
The LBZ is a deeper mineralization zone. Drill core from the top of LBZ 
contained increased ankerite down hole towards the zone of mineralization.  Drill core 
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near the bottom of LBZ were dominated by calcite, with concentrations increasing 
towards the mineralized zone. In the LBZ hematite abundance increased and magnetite 
abundance decreased towards the mineralized zones. Chlorite is dominantly peripheral to 
the zone of mineralization. 
In the lower section of the LYDZ, carbonate decreased in concentration towards 
the mineralization zone, and calcite changes to ankerite.  The upper LYDZ was 
conversely dominated by calcite and both calcite and ankerite were present in the 
mineralized zone. Hematite concentration decreased, and magnetite increased towards the 
zone of mineralization, with deeper drill holes being dominated by hematite. Chlorite was 
present in both mineralized and non-mineralized zones. 
Samples containing biotite in the LYDZ, also generally contained rutile, identified 
by XRD. In the LZ and LBZ, 31 syenite samples were analyzed. Sixteen of them 
contained biotite and of these, 12 also contained greater than 1 ppm gold.  The remaining 
four samples contained 0<Au<1 ppm. One sample with 5.9 ppm gold content was 
selected for petrography study. In thin section this sample contained V2 veinlets, which 
may explain the high gold grade. All the 40 syenite samples in the LYDZ (which 
contained biotite in XRD), had gold concentrations of more than1 ppm (i.e., there is a 
strong correlation between Au mineralization and potassic alteration). 
Figure 3.1 shows the distribution of different types of alteration including 
chlorite, biotite, K2O and hematite and magnetite alteration throughout Young-Davidson 
deposit in the LZ, LBZ and LYDZ. 
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The numbers given for biotite and chlorite distribution are semi-quantitative and 
typically describe the biotite and chlorite concentrations as numbers 0 to 3.  For biotite, 
number 0=no biotite observed; 1= weak (0<Bt<1000 counts); 2=moderate 
(1000<Bt<2000 counts); and 3=strong (Bt>2000 counts).  As for chlorite, number 
definitions are: 0=chlorite is absent; 1=weak (100<Chl <300 counts); 2=moderate 
(400<Chl <600 counts); and 3=strong (700<Chl <900 counts).  
X-Ray diffraction analysis was used in combination with petrographic 
characterization for classification of samples.  Petrographic studies of the samples 
showed more than 2000 counts for biotite corresponding to the 100% peak in XRD 
patterns. This indicates that these samples contained more than 10 modal % hydrothermal 
biotite in thin section. This correlation implies that XRD results corresponded well with 
petrography studies.  
In the LZ and LBZ the distribution of biotite is different from LYDZ. Combining 
petrography and XRD results suggests that in the LZ and LBZ samples displaying biotite 
numbers of 2 and 3 have a magmatic source. These samples contained large biotite grains 
with sharp contacts with the groundmass, suggesting that they are magmatic in origin.  
Samples presenting biotite number 1 contained hydrothermal biotite, and showed gold 
concentrations greater than 1ppm. In the LYDZ samples displaying biotite numbers of 1, 
2 and 3 contain hydrothermal biotite and gold grades of more than 1ppm. 
Figure 3.1 further shows that in the LZ, the mineralization is correlated with 
moderate chlorite and biotite alteration, low K2O concentration and hematite alteration.  
Conversely, in the LBZ mineralization is associated with weak chlorite alteration, weak 
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to moderate biotite alteration, high K2O concentration and an association with hematite. 
In the LYDZ mineralization correlates with weak to moderate chlorite and biotite 
alteration, high K2O concentration and both hematite and magnetite alteration. 
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Figure 3.1: Chlorite, biotite, hematite and magnetite alteration along two N-S cross 
sections. Ore trace is shown in pale yellow on all figures. Geology and K2O wt% 
contours from Martin (2012), chlorite alteration, biotite alteration hematite and magnetite 
alteration from this study. A) 23240mE intersecting LZ and LBZ mineralization. B) 
22790mE intersecting LYDZ mineralization. 
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3.2 Petrography and Paragenesis Results 
A petrographic study of the syenite forms our basis for understanding the 
distribution, timing, and nature of alteration and its relationship to mineralization. 
A total of 24 polished syenite thin sections from the LBZ and LYDZ were investigated 
using reflected and transmitted light microscopy. Eleven samples out of the 24 samples 
were chosen from 2 drill holes in the LBZ, and the remaining 13 sections were sampled 
from 8 drill holes in the LYDZ.  
The Young-Davidson syenite is fine to coarse grained (< 500μm to > 2cm), 
trachytic to porphyritic in texture, and intermediate to felsic in composition. No unaltered 
syenite has been observed at Young-Davidson, even the least-altered syenite is weakly 
carbonate-chlorite altered and contained chlorite, carbonate and magnetite in the 
groundmass. Minor feldspar alteration with feldspar overprint textures and trace sulfide 
mineralization is also present in the least-altered syenite (Martin, 2012).  Least-altered 
syenite generally consists of 40-60% K-feldspar, 20-30% plagioclase, 5-10% carbonate 
(locally as ankerite), up to 5-10% pyrite in mineralized zones. The fine-grained 
groundmass consists of feldspar, quartz, carbonate, chlorite companied by magnetite, 
hematite, rutile, pyrite, zircon, barite, apatite and anhydrite (Martin, 2012). There are 3 
main alteration styles in the Young-Davidson syenite: potassic-hematization, Fe-
carbonatization and chloritization (Linnen et al., 2012).  
Two stages of potassic alteration were observed at the Young-Davidson syenite in 
LBZ and LYDZ: 1) potassic-hematite alteration as the replacement of albite-twinned 
feldspars by untwinned feldspar containing abundant fine-grained hematite mineral 
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inclusions (Martin, 2012) and this study; and 2) secondary or hydrothermal biotite 
associated with inclusion-rich pyrite grains that was observed for the first time in this 
study. The inclusions in pyrite are mainly chalcopyrite, pyrrhotite, galena, gold and oxide 
minerals such as magnetite and rutile (Figure 3.2); thus there is an apparent temporal 
relationship between disseminated style Au mineralization and the biotite phase of 
potassic alteration. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.2: Hydrothermal biotite surrounding inclusion-rich pyrite. Inclusions are 
chalcopyrite, galena, magnetite, rutile and gold. A) Plane polarized light, mag. 5 x, B) 
Cross polarized light, mag. 5 x, C) Reflected plane polarized light, mag. 10 x.  
 
A  Bt 
 Bt 
Ccp+ Au+Ga 
Mag  
Rt 
B 
C 
43 
 
 
Figure 3.3 displays the correlation derived from XRD data between hydrothermal 
biotite and gold in the samples taken from the LBZ and LYDZ. Based on Figure 3.3 there 
is a very strong correlation between the presence/absence of hydrothermal biotite and 
gold concentration in the LYDZ. That is, the samples that contained greater than 1 ppm 
gold showed significant hydrothermal biotite around pyrite grains, whereas in the 
samples with less than 1 ppm gold, hydrothermal biotite was either absent, or found only 
in trace amounts. 
 
 
Figure 3.3: Strong correlation between presence and absence of hydrothermal biotite in 
the syenite samples taken from Lower Boundary Zone and Lower YD Zone.  Bt = 0:  
biotite was absent; biotite was weak when 0< Bt <1000 counts; moderate when 1000< Bt 
<2000 counts; and strong when Bt > 2000 counts.  
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Carbonatization is pervasive and is observed in almost all rock types at Young-
Davidson (Martin, 2012). However, the groundmass of samples displaying chloritization 
in both the LBZ and the LYDZ are less carbonatized. Based on XRD analyses, 
carbonates dominantly consisted of ankerite and calcite. There was no difference between 
carbonates observed in the matrix and carbonates in the V1 and V3 veins in thin sections; 
however, carbonate minerals in the veins were generally subhedral and coarser-grained 
(up to 1mm) compared to the matrix.  
In general, less chloritization was present in the samples from the LBZ compared 
to the samples from the LYDZ.  However, potassic-hematization, Fe-carbonatization, and 
sericitization were present in the samples taken from the LBZ. In the LBZ samples 
exhibited carbonate alteration while hematite alteration increased in intensity towards the 
mineralized zone. 
Different types of alteration were detected in the samples from the LYDZ taken 
from inside and outside of the mineralization zone. These alterations included potassic-
hematization, Fe-carbonatization, chloritization, and sericitization as well as tremolite 
alteration. Tremolite alteration, however, was only observed in the samples taken from 
the mineralization zone. 
Albite and microcline from the samples in the LBZ displayed mottled 
replacement, and one sample, proximal to the mineralization zone, contained zoned albite 
grains. This indicates that this is a relatively fresh rock, although carbonate and hematite 
alteration were also present in this sample (Figure 3.4). 
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Figure 3.4: A) Mottled replacement in albite and K-feldspar, plane polarized light; B) 
Same sample as A, cross polarized light; C) Zoning in an albite crystal, plane polarized 
light; D) Cross polarized light. Magnification for all samples is 2.5 x. 
 
K-feldspar crystals were usually tartan twinned, indicative of K-feldspar 
crystallized at temperatures above 300 °C (Nesse, 2000).  K-feldspar crystals mostly 
exhibited Carlsbad twinning and occurred as perthite as a result of exsolution on cooling 
(Figure 3.5). Quartz grains generally had sutured grain boundaries and displays undulose 
extinction.  
A B 
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Figure 3.5: A) Perthite texture in K-feldspar crystals, plane polarized light; and B) The 
same sample in cross polarized light; mag. 2.5 x. 
 
The main iron-oxide phases in the syenite are hematite and magnetite. Both 
hematite replacement of magnetite and magnetite replacement of hematite were observed 
in the groundmass of the LBZ and LYDZ. Figure 3.6 shows disseminated hematite grains 
in the matrix replacing magnetite.  
 
 
Figure 3.6: Hematite in the groundmass 
replacing magnetite, reflected plane 
polarized light, mag. 2.5 x. 
 
 
 
Magnetite occurs as disseminated euhedral to subhedral grains in the groundmass 
of samples from the LBZ and LYDZ; hematite had also commonly replaced magnetite at 
the rims of the grains (Figure 3.7).  
Hem 
Mag 
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Figure 3.7: A) Hematite replacement of magnetite along outer edges, reflected plane 
polarized light, mag. 2.5 x; B) Euhedral and subhedral magnetite in the groundmass, mag. 
5 x.  
 
 
Rutile is mainly associated with chlorite alteration of biotite as well as with 
carbonates ± sericite in the groundmass. It is most strongly associated with chlorite, but 
where chlorite is absent, rutile accompanies carbonatization ± sericitization. This was 
more common in the LBZ since this zone contains less chlorite. Rutile was also present 
as pseudomorphic aggregates after titanite (titanite grains presented in these samples 
were completely replaced by rutile), and as inclusions inside pyrite grains (Figure 3.8). 
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Figure 3.8: A) Replacement of granular rutile in pyrite, plane polarized light, mag. 5 x; 
B) Same sample in reflected plane polarized light, mag. 5 x; C) Titanite grain replaced by 
rutile during alteration, plane polarized light, mag. 2.5 x. 
 
There was a considerable amount of magmatic biotite in the samples taken from 
outside of the mineralized zone in the LBZ. Primary magmatic biotite was featured by the 
presence of large biotite grains with lower birefringence as compared to secondary 
hydrothermal biotite in these samples (Figure 3.9).  
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Figure 3.9: A) Primary magmatic biotite in the groundmass of syenite samples, plane 
polarized light; B) Same sample in cross polarized light, mag. 2.5 x. 
 
Most of the samples taken from the LBZ and LYDZ were cut by veins. These 
veins or veinlets consisted of carbonates, chlorite, biotite, tremolite, epidote and 
anhydrite, as well as trace amounts of quartz. The majority of these veins were deformed. 
Based on the criteria discussed in Chapter 1 the deformation in these veins suggests that 
they are older than V3 veins.  
Samples from the drill holes located in the upper parts of the LYDZ displayed 
early deformed tremolite/actinolite and epidote veins. Tremolite/actinolite was also 
locally associated with pyrite in the groundmass of these samples. In the samples located 
in the mineralization zone of the LYDZ, tremolite/actinolite was present as patches in the 
matrix of the samples in trace amounts (Figure 3.10).  
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Figure 3.10: A) Tremolite in an early deformed chlorite-carbonate-epidote vein, plane 
polarized light; B) Same sample in cross polarized light, mag. 2.5 x.  
 
Epidote was present locally in the matrix and also in the early deformed veins in 
the LYDZ samples. Epidote was associated with pyrite in these samples, and indicates 
that pyrite has been formed before epidote (i.e., Fe from pyrite diffused into clinozoisite 
after or during clinozoisite precipitation; Figure 3.11). This suggests that the pyrite grains 
in these early deformed veins (presumably V1 veins) are formed early and pre date the D2 
deformation.  
Clinozoisite, as an epidote group member, was also a trace constituent in a 
considerable number of samples in the LBZ and LYDZ (Figure 3.11). Clinozoisite was 
mainly associated with carbonatization and it was also associated with rutile and pyrite 
locally in the samples taken from the LBZ and LYDZ. Linnen & Williams-Jones (1990) 
studied the clinozoisite stability and concluded that clinozoisite can be stable at a fairly 
low temperature depending on the XCO2 of the fluid.  
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Figure 3.11: A) Epidote associated with pyrite, plane polarized light; B) Same sample as 
A, cross polarized light; C) Clinozoisite associated with rutile and pyrite, plane polarized 
light; D) Same sample as D, cross polarized light. All samples magnification was 2.5 x. 
 
Additionally, sulfate minerals such as anhydrite and barite were present in the 
syenite samples taken from the LBZ and LYDZ. Martin (2012) indicated that fine-
grained barite in trace amounts occur with carbonate ± K-feldspar alteration in intense 
potassic-hematite altered mineralized syenite, and also with gold inclusions in V2 pyrite-
hosted mineralization veinlets. These results were identified by SEM and indicated that at 
least some barium was present in the mineralizing fluids. Martin (2012) also identified 
anhydrite in barren pyrite-bearing quartz-carbonate veins. 
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In this study, anhydrite was observed in two samples from the LBZ and one 
sample from the LYDZ. In the LBZ, anhydrite was contained in the carbonate ± chlorite 
± quartz veins that were located outside the mineralization zone.  In the LYDZ sample, 
anhydrite was present in the mineralized zone, within an early deformed and branched 
quartz vein with biotite in the selvage (Figure 3.12).  
 
 
 
 
 
Figure 3.12: A) Early deformed anhydrite- quartz vein with biotite in the selvage, plane 
polarized light; B) Same sample in cross polarized light, mag. 2.5 x. 
 
In summary, hydrothermal biotite at Young-Davidson is associated with 
inclusion-rich pyrite grains. These results are consistent with previous work (Martin, 
2012), indicating that gold distribution in the syenite was most strongly associated with 
potassic-hematite alteration and pyritization. A strong correlation between the 
presence/absence of hydrothermal biotite and gold concentration at Young-Davidson is 
evident. The presence of K-feldspar crystals that are usually tartan twinned indicates that 
the alteration temperature was above 300 °C (Nesse, 2000).  Pyrite is present as only 
trace amounts in the samples containing disseminated euhedral to subhedral magnetite 
grains in the LBZ and LYDZ. As these magnetite grains were mostly surrounded by 
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hydrothermal biotite, this can be inferred that the magnetite grains are likely of 
hydrothermal origin in these samples. The rutile clusters occur as a pseudomorphic 
replacement of titanite during alteration. Based on the alteration reaction of Rutile + 
Calcite + Quartz = Titanite, the maximum temperature of alteration of titanite to rutile, 
calcite and quartz, is between 400° to 430°C (Linnen & Williams-Jones, 1990). Presence 
of tremolite and epidote is additional evidence of the existence of high temperature fluid, 
and the association of clinozoisite with carbonatization in the samples taken from the 
LBZ and LYDZ may also indicate low XCO2 of the fluid (Linnen & Williams-Jones, 
1990). Secondary amphibole minerals at Young-Davidson consisted of 
tremolite/actinolite occurring in early deformed carbonate ± chlorite ± epidote veins; 
although these were also present as patches in the matrix of samples located in 
mineralization zone of the LYDZ. The presence of anhydrite in the LBZ and LYDZ 
suggests that the hydrothermal fluids were oxidized. 
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Chapter 4 : Oxygen and Carbon Isotopes 
 
4.1 Whole-rock Results 
The application of oxygen isotopes in silicate rocks and minerals is useful for 
locating zones of increased hydrothermal alteration associated with fluid mineralizing 
conduits. Oxygen isotopes in silicate minerals have been utilized in many other studies 
related to a variety of rock types, ore deposits and geological settings in order to identify 
areas of increased low-and high-temperature alteration associated with hydrothermal 
systems (e.g., Taylor, 1974; Muehlenbachs & Clayton, 1976; Huston et al., 1995). The 
purpose of this chapter is to report and discuss oxygen and carbon isotope results for the 
Young-Davidson gold deposit, in order to determine the fluid source(s) and conditions 
responsible for hydrothermal alteration. 
Samples were collected for the purpose of characterizing the geochemical trends 
from least altered to mineralized rocks from different zones of the deposit along two main 
vertical N-S cross sections, looking west, through the Lucky Zone and Lower Boundary 
Zone (Y-Y’; Figure 1.6) and the Lower YD Zone (X-X’; Figure 1.6). Veins were avoided 
during sampling but nevertheless it is inevitable that some of the samples contain small 
amounts of vein material in them (Martin, 2012). A total of 74 samples from 8 drill holes 
taken from Lower Boundary Zone (LBZ) and Lucky Zone (LZ) have been analyzed. This 
consists of 68 samples of syenite, 14 samples of sediments and 2 samples of 
lamprophyre. The whole-rock oxygen isotope (δ18OWR) results for LBZ and LZ are listed 
in Appendix A. A total of 40 samples from 9 drill holes taken from LYZ have been 
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investigated; all of these samples are syenite. The whole-rock oxygen isotope results for 
LYDZ are given in Appendix B.  
The lithology, drill-hole traces and sample locations from each cross section are 
presented in Figure 4.1. Cross sections were created using a 45m window on either side 
(90m total slice width) to allocate for sampling of drill core above and below the 
mineralized zone. 
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Figure 4.1: Geology of N-S vertical cross sections at (A) 23240mE and (B) 22790mE 
looking west. Drill holes on these cross sections intersect mineralization in the Lower YD 
Zone, Lucky Zone and the Lower Boundary Zone, as labeled. Drill hole surface traces 
(plan view) are shown above each cross section with the distances east and west of each 
section designated by the negative and positive distances, respectively. The trace of 
mineralization is shown in yellow and defined by 3D modeling by Young-Davidson 
geologists during resource modeling. Grid spacing is 100m. Ground surface is at 
approximately 10300z; these cross sections do not intersect the surface (reproduced from 
Martin, 2012). 
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The whole-rock δ18O values (δ18OWR) of LZ and LBZ in the syenite range from 
9.2 ± 0.2 to 11.3 ± 0.2 ‰ and in sedimentary rocks the δ18OWR values range from 9.8 
± 0.2 to 11.1 ± 0.2 ‰ (Figure 4.2). The δ18OWR values in the LYDZ exhibits a range from 
8.2 ± 0.2 to 10.7 ± 0.2 ‰, which are 1.0 ± 0.2 ‰ lower compared to the syenite in LZ 
and LBZ (Figure 4.2). This difference might be due to a change in mineral assemblages 
as petrographic studies of 3 samples that display δ18OWR = 8.2 ± 0.2 ‰ (2 samples) and 
δ18OWR = 8.6 ± 0.2 ‰ (1 sample) contain tremolite alteration; all these 3 samples are 
mineralized. In general most of the samples taken from the LZ and LBZ contain quartz, 
which is likely responsible for the observed higher δ18OWR values. 
Figure 4.2 displays δ18O values, K2O concentration, sulfur concentration, chlorite 
alteration and biotite alteration contours along two N-S cross sections. Only syenite data 
is contoured in all figures. The location of each cross section was selected so that each 
zone of mineralization was intersected for study. The 23240mE cross section intersects 
mineralization in the LZ and LBZ located in the central portion of the deposit whereas 
the cross section through 22790mE intersects mineralization in the LYDZ at the west end 
of the deposit (Martin, 2012). The data presented in Figure 4.3 includes the ore body as 
modeled by AuRico geologists (Edmunds pers. comm., 2008). Sample points have been 
plotted using Surfer ™ (Version 10) and projected to the 2D cross section surface, they 
were contoured using the Kriging interpolation method with search ellipse: anisotropism 
= 2 and slope = 75-80˚, after parameters given in Martin (2012). The specified search 
ellipse was arranged to interpolate data up-dip between drill holes following the syenite 
contact and the zone of mineralization in principal as indicated by the ore trace (pale 
yellow). As in Martin (2012), Kriging parameters were used to orient the long axis of the 
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search ellipse along the direction of the least data density, selecting between adjacent drill 
holes rather than along the drill holes. This process was used to generate contours that are 
prolonged up-dip, paralleling the zone of mineralization and preferentially searching 
from neighboring drill holes (Martin, 2012). Martin (2012) created the geology, K2O 
wt% and sulfur wt% contours. Oxygen isotope data, chlorite alteration and biotite 
alteration are created in this study. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.2 (displayed on page 59): Whole-rock δ18O values, chlorite alteration, biotite 
alteration contours, K2O concentration and sulfur concentration, along two N-S cross 
sections at Young-Davidson. Geology, K2O wt% and sulfur wt% contours are from 
Martin (2012), oxygen isotope data, chlorite alteration and biotite alteration contours are 
from this study. A) 23240mE intersecting LZ and LBZ mineralization. B) 22790mE 
intersecting LYDZ mineralization. Ore trace is shown in yellow on all figures and only 
syenite data is contoured in all figures. 
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There is a strong correlation between the presence and absence of chlorite 
determined by XRD patterns and δ18OWR values in the LZ, LBZ and LYDZ (Figure 4.2). 
There is a chlorite-boundary that corresponds to a δ18OWR value of 10.3 ± 0.2 ‰. Where 
chlorite is absent the δ18OWR values are higher than 10.3 ± 0.2 ‰, and where chlorite is 
present the δ18OWR values are lower than 10.3 ± 0.2 ‰. Of the 71 whole-rock samples 
only 8 do not follow this trend. It should be noted that chlorite abundances of less than 
approximately 1% cannot be detected by XRD and so trace chlorite may be present in 
some samples that are described as chlorite absent. It should also be noted that at constant 
temperature and fluid composition constant, chlorite alteration would decrease the 
δ18OWR values (Taylor, 1978). 
The LBZ in Figure 4.3 shows a correlation between low δ18O values and both 
elevated K2O concentration and high sulfur concentration. These regions spatially 
overlap zones of gold mineralization, outlined in the yellow ore trace. Similarly, the 
LYDZ in Figure 4.3 demonstrates the relationship between δ18O lows, increased biotite 
alteration, high K2O content, and high sulfur concentration in the mineralization zone. 
The Lower Boundary Zone and Lower YD Zone display δ18O values of 8.2 to 
10.8 ‰ (Appendices A and B). These values and the oxidized nature of the alteration 
suggest that the fluids are either meteoric or magmatic waters. The combination of low 
δ18O values (higher temperature) associated with increased potassic alteration, high sulfur 
concentrations (associated with elevated pyrite abundance) and also with areas of Au 
mineralization, suggests that these fluids have a magmatic component.   
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The δ18O whole-rock values in the Lucky Zone are higher, 10.5 to 11.3 ‰ 
(Appendix A). This most likely reflects lower temperatures and/or a greater influence of 
metamorphic fluids. Martin (2012) concluded that the Lucky Zone is vein-dominated and 
there is less potassic alteration. The Lower YD Zone displays a gradual change in whole-
rock δ18O values in syenite and the δ
18
O values in the Lower YD Zone are lower 
compared to the Lower Boundary Zone and Lucky Zone.  
 
4.2 Mineral Separates Results 
Mineral separates from 16 samples were collected for oxygen isotope analysis, 
including 9 ankerite and 2 calcite samples that were analyzed for their oxygen and carbon 
isotope compositions. Mineral oxygen isotope (δ18O) and carbon isotope (δ13C) results 
for V1, V2 and V3 veins are listed in Table 4.1, Table 4.2 and Table 4.3, respectively. In 
these tables calculated δ18O values are presented in per mil (‰) and the following 
fractionation factors were used: Zhang et al., (1989) and Matsuhisa et al. (1979) for 
quartz-H2O, O’Neil and Taylor (1967) for K-feldspar-H2O, Clayton & Epstein (1961) for 
hematite-H2O, Zheng (1992) for scheelite-H2O, Zheng (1993) for tourmaline-H2O, Cole 
& Ripley (1998) for chlorite-H2O, Zheng (1993) for biotite-H2O, O’Neil et al. (1969) for 
calcite-H2O and Zheng (1999) for ankerite- H2O. 
 These samples were selected because they contain mineral pairs or triples that are 
suitable for oxygen isotope thermometry. The minerals include quartz, potassium 
feldspar, hematite, tourmaline, biotite, chlorite, scheelite, ankerite and calcite, from 
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which five are from V1, two are from V2, eight are from V3 and one is from V4 vein 
samples. 
The δ18O values of quartz (δ18Oquartz) range from 12.3 ± 0.2 to 14.3 ± 0.2 ‰, 
which is consistent with δ18Oquartz values in many Archean gold deposits that range from 
10 to 16 ‰ (Colvine et al., 1988). The lowest δ18Oquartz value is from a non-mineralized 
quartz-scheelite vein that crosscuts meta-sediment with the value of δ18Oquartz =12.3 ‰.  
A low δ18Oquartz value is also observed in a quartz-hematite-K-feldspar vein. The highest 
δ18Oquartz values are related to the tourmaline-bearing veins: 13.9 ± 0.2‰ from a quartz-
tourmaline-K-feldspar vein, 14.0 ± 0.2‰ from a quartz-tourmaline-ankerite vein and 14.3 
± 0.2‰ from a quartz-tourmaline vein. All these tourmaline-bearing veins are planar, 
crosscut syenite and they are non-mineralized. Therefore, this can be concluded that they 
are V3 veins or younger. 
K-feldspar δ18O values range from 10.5 ± 0.2 to 11.4 ± 0.2 ‰, hematite from 5.1 
± 0.2 to 12.4 ± 0.2 ‰ and tourmaline from 10.7 ± 0.2 to 12.3 ± 0.2 ‰. Only one scheelite 
sample was separated and it has a value of 4.5 ± 0.2 ‰, one chlorite is 9.1 ± 0.2 ‰ and 
one biotite is 7.7 ± 0.2 ‰.  
A total of 5 quartz-K-feldspar pairs have been analyzed. Three of them display 
Δ18Oqz-fsp values of about 1 to +2 ‰ (one of them shows Δ
18
Oqz-fsp =1.3 ‰ and two of 
them show Δ18Oqz-fsp =2 ‰) while the other pairs have Δ
18
Oqz-fsp values > 2 ‰ (2.2 ‰ and 
2.5 ‰). 
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Carbonate mineral separates have δ18O values of 11.7 ± 0.2 to 13.5 ± 0.2 ‰ for 
ankerite and 10.7 ± 0.2 to 11.0 ± 0.2 ‰ for calcite. These minerals also display δ13C 
values ranging between -6.4 ± 0.2 to -1.7 ± 0.2 ‰ for ankerite and -4.4 ± 0.2 to -3.5 ± 0.2 
‰ for calcite that is similar to the range reported for δ13C values of carbonates from gold 
deposits in the Timmins area (-8.5 to -2.5 ‰; Kerrich et al., 1987). 
V1 and V3 veins have two or more silicate or oxide minerals, from which 
temperature and fluid composition can be calculated. V2 veins contain quartz, pyrite and 
ankerite. Therefore, it is not possible to demonstrate equilibration from triples; however 
quartz-ankerite pairs are used for oxygen isotope thermometry. Several V3 veins contain 
three or more minerals, thus equilibration can be tested. For one triplet in V3 veins the 
average of the three temperatures is 351 ± 22 °C, the second triplet yields a temperature 
of 369 ± 13 °C and the third one has an average of 379 ± 62 °C. 
Oxygen isotope thermometry indicates that V1 veins formed at temperatures 
between 322 ± 25°C and 428 ± 18 °C (Table 4.3), temperatures for V2 veins range from 
408 ± 28°C to 431 ± 30°C (Table 4.4) whereas temperatures for V3 veins are at 351± 17° 
C to 379 ± 26°C (Table 4.5).  
The fractionation factors for all the mineral-mineral separate pairs and triples 
have been calculated. The δ18O range for fluids in equilibrium with the mineral separates 
at these temperatures in V1 veins is from 6.6 ± 0.2 to 10.0 ± 0.3 ‰, 8.2 ± 0.2 to 11.8 ± 0.3 
‰ for V2 veins and 7.0 ± 0.2 to 10.5 ± 0.2 ‰ for V3 veins. The fluid compositions for 
triple samples in V3 veins discussed above are 7.2 ± 0.4 ‰, 9.1 ± 0.3 ‰ and 8.7 ± 0.3 ‰, 
respectively.  
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In general, in normal unaltered igneous rocks coexisting quartz-feldspar pairs 
have Δ18Oqz-fsp values of ~ 0 to +2 ‰ (Taylor et al., 1962b; Taylor, 1968). However, 
igneous rocks that have interacted with low-
18
O hydrothermal fluids regularly have 
anomalously high Δ18Oqz-fsp values (>+2 ‰). As a result of this process, the δ
18
O values 
of feldspar and sometimes quartz are lowered through exchange with high-temperature 
low-
18
O hydrothermal fluids (~ 300-450°C). Quartz is more resistant to isotopic exchange 
with hydrothermal fluids compared to feldspar. Therefore, feldspar continues to undergo 
oxygen-isotope exchange at lower temperatures that results in higher Δ18Oqz-fsp values 
(Longstaffe, 1982; Sheppard et al., 1971). This continues at lower temperatures (~ 200-
300°C) where only feldspar continues to undergo oxygen-exchange (Longstaffe, 1982). 
Due to the increased oxygen-isotope fractionation between feldspar and the hydrothermal 
fluids at these lower temperatures, there is a possibility that feldspar becomes enriched in 
18O and as consequence the Δ18Oqz-fsp values may be lower than expected for unaltered 
igneous quartz-feldspar pairs; in some cases the Δ18Oqz-fsp values may even become 
negative. Low δ18O quartz values in one of the veins containing quartz-hematite-K-feldspar 
could be explained by involvement of an originally low δ18O magmatic component and 
post-emplacement hydrothermal exchange. 
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Table 4.1: Oxygen- and carbon-isotope results for V1 veins. 
Sample 
ID 
Mineral 
pairs/triples 
T (°C) δ18OFluid 
DDH/ 
Depth 
(m) 
Zone 
δ18OQz δ
18OBt δ
18OK-Fsp δ
18OChl  δ
18OHem δ
18OAnk δ
13CAnk Description 
261553 Qz-K-Fsp 322 ± 25 7.5 ± 0.2 
YD07-
56/965 
m in 
LBZ 
12.7   11.4   
  
    
V1- mineralized 
(Au=1.55 g/t in 1.5m),  
K-fsp in weakly 
foliated and folded 
Ank/Q vein in light red 
porphyritic Syenite  
             
261558 Qz-Bt 470 ± 20 10.1 ± 0.5 
YD07-
56/1085 
m in 
LBZ 
12.8 
7.7     
  
    
V1- mineralized 
(Au=7.39g/t in 7.8 m), 
magnetite/chlorite in 
dominantly Ank/Qz 
vein, type 2 py in the 
selvage, Ank folded 
shear vein crosscutting 
V1  
261558 Qz-Chl 467 ± 76 10.0 ± 0.2 
  
9.1 
 
  
                         
261590 Qz-K-Fsp      390 ± 30 7.4 ± 0.9 
YD07-
56A 
/119.4 
m in 
LBZ 
13.0 
  10.8   
      
V1- mineralized 
(1119-1120.4 m: 
Au=9.16g/t), K-fps, 
minor specular 
hematite in weakly 
foliated in Ank rich 
with minor Q in 
maroon Syenite, 
resorbed py (rich in the 
selvage) 
261590 Qz-Ank 416  ± 29 8.2 ± 0.8 
   
 
11.9 -6.4 
261590 Ank-K-Fsp 476 ± 82 9.0 ± 1.2     10.8   
  
             
802839 Qz-Ank 363 ± 28 7.4 ± 0.2 
YD07-
33A/13
72.2 m 
in LBZ 
13 
        
12 -5.9 
V1- mineralized (2.37 
g/t Au in 5.1 m), 
dominantly Fe-
carbonate+pyrite, also 
quartz- Ank rich 
weakly foliated vein 
with cubic py and 
minor Q                                                                                                            
                          
802869 K-Fsp-Hem 372 ± 13 6.6 ± 0.5 YD07-
33D/13
48 m in 
LBZ 
    10.5   
5.1     
V1- mineralized (2.18 
g/t Au), hematite, K-
feldspar in Ank rich 
with minor Q in 
weakly foliated vein                                                                     
802869 Ank-K-Fsp 214 ± 10 1.0 ± 0.7 
   
 
10.6 -4.1 
802869 Ank-Hem 406  ± 15 6.8 ± 0.2         5.1 
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Table 4.2: Oxygen- and carbon-isotope results for V2 veins 
Sample 
ID 
Mineral 
pairs 
T (°C) δ18OFluid 
DDH/Depth (m) 
Zone 
δ18OQz δ
18OK-Fsp δ
18OAnk δ
13CAnk Description 
261588 Qz-Ank  431 ± 30 8.4 ± 0.2 
YD07-56A/1067 m 
in LBZ 
12.9 
  
11.9 -6.0 
V2- mineralized (Au=4.90g/t in 23.6 m) 
Ank in foliated, folded and branched Q 
and py rich vein in light red porphyritic 
Syenite 
          
802926 Ank-K-Fsp 408 ± 28  11.8 ± 0.3 
YD07-56A/1044.1 m 
in LBZ 
  
10.5 12.2 -4.0 
V2- mineralized (5.8 g/t Au in 10.5 m), 
Au-rich, Pyrite-rich with and minor K-fsp 
in planar vein 
 
Table 4.3: Oxygen- and carbon-isotope results for V3 veins. 
 
Sample 
ID 
Mineral 
pairs/triples 
T (°C) δ18OFluid 
DDH/Depth 
(m) Zone 
δ18OQz δ
18OSch δ
18OHem δ
18OK-Fsp δ
18OCal δ
13CCal Description 
262310 Qz-Hem 372 ± 7 7.4 ± 0.4 
YD07-
56A/1148.5 
m in LBZ 
13.6 
  
5.9       
V3- mineralized (6.07g/t in 16.6 m), 
Hem, K-Fsp and corroded  py in 
weakly foliated Q vein in red Syenite, 
maghemite is replacing py 
262310 Qz-K-Fsp 349 ± 25 7.0 ± 0.2 
  
11.1 
  
262310 K-Fsp-Hem 371 ± 15 7.2 ± 0.5      5.9     
            
262338 Qz-Hem    428 ± 12 10.4 ± 0.4 
YD06-
16C/1226.82 
m in LBZ 
13.9 
  8.7       
V3- non-mineralized, euhedral 
specular hematite and pink calcite in 
planar Q/minor Ank in red Syenite 262338 Qz-Cal      342 ± 14 7.1 ± 0.3 
   
10.7 -3.4 
262338 Cal-Hem       338 ± 5                13.6 ± 0.4     8.7   
            262342 Qz-Hem 386 ± 14  8.8 ± 0.5 
YD06-
16C/1370.1 
m in LBZ 
13.7 
  7.2       
V3- non-mineralized, euhedral 
specular hematite and subhedral 
Ankerite crystals in the selvage and in 
folded and weakly foliated Q vein 
with potassic alteration halo in light 
red porphyritic Syenite 
262342 Qz-K-Fsp 317 ± 34 8.4 ± 0.3 
  
10.7 
  
262342 K-Fsp-Hem 434 ± 30 8.9 ±  0.2     7.2     
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Table 4.3: Oxygen- and carbon-isotope results for V3 veins-continued 
Sample 
ID 
Mineral 
pairs/tr
iples 
T (°C) δ18OFluid 
DDH/Depth 
(m) Zone 
δ18OQz δ
18OSch δ
18OHem δ
18OK-Fsp δ
18OTur δ
18OAnk δ
13CAnk δ
18OCal δ
13CCal Description 
261552 Qz-Tur 
351 ± 
17 
8.5 ± 
0.7 
YD06-
10/536.76 m 
in LZ 
14.3       10.7         
V3- non-mineralized, 
Tourmaline in weakly 
foliated and folded Q 
vein with K2O halo in 
dark red porphyritic 
Syenite 
               
802932 Qz-Sch 
370 ± 
19 
7.0 ± 
0.6 
YD07-
56A/1112.5 
m in LBZ 
12.3 4.5   
            
V3- non-mineralized, 
Scheelite in Q- minor 
Calcite weakly foliated 
vein                                  
               
802858 
Qz-K-
Fsp 
389 ± 
30 
9.1 ± 
0.2 
YD07-
33A/1160.5 
m in LBZ 
13.9 
    
11.4 
  
    
    
V3- non-mineralized, 
quartz-tourmaline-Calcite 
in weakly foliated vein    
802858 Qz-Tur 
429 ± 
23 
11.1 ± 
1.0 
   
11.6 
    
802858 
Tur-K-
Fsp 
785 ± 
61 
12.3 ± 
0.5       
11.4     
    
               
802769 
Ank-K-
Fsp 
476.6 
± 54 
8.8 ± 
0.2 
YD07-
33E/1274.3 
m in LBZ 
      
10.5 
  
11.7 -1.7 
    
V3- mineralized (3.30 g/t 
Au in 11.6 m), quartz, K-
feldspar, specular 
hematite and Ank 
(containing Barite) in 
weakly foliated vein   
802769 Qz-Hem 
1453 
± 125 
14.1 ± 
0.3 
12.5 
 
12.4 
      
802769 
Qz-K-
Fsp 
423 ± 
35 
7.7 ± 
1.0     
10.5 
  
    
    
               
802861 
Ank-
Tur 
1142 
± 97 
12.9 ± 
0.2 
YD07-
33E/1185.3 
m in LBZ 
        
12.3 
13.5 -2.4 
    
V3- non-mineralized, 
Tourmaline in Q/minor 
Ank weakly foliated vein                                                                                                                                                                   
Fluid isn't in equilibrium 
802861 Qz-Tur 
645 ± 
55 
12.8 ± 
0.2 
14 
       
802861 Qz-Ank 
438 ± 
94 
9.9 ± 
0.2         
13.5 -2.4 
    
               
802765 
Hem-
Cal 
349 ± 
15 
7.6 ± 
0.4 
YD07-
33D/1288.4 
m in LBZ 
  
  
6.1 
        
11 -4.4 
V4? late vein- non-
mineralized, carbonate-
specular hematite in 
weakly foliated calcite 
rich/minor Q vein 
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Chapter 5 : Discussion and Conclusions 
 
5.1 Discussion 
Stable isotope data, interpreted in conjunction with geological and petrographic 
data provides useful information on thermal regimes of ore precipitation. Fluid sources 
and constituent elements of fluids involved can be distinguished by comparison with 
isotopically well-established fluid reservoirs (Kerrich et al., 1987). In this section, the 
auriferous hydrothermal fluid sources and carbon isotopic constraints are discussed. 
In general, fluid inclusion studies for syenite-associated deposits have not been 
completed; however, Robert (2001) proposes that there are similarities between 
mineralization in Archean cases and intrusion-associated deposits formed as younger 
terranes. The fluids responsible for mineralization in orogenic settings display a large 
range of physicochemical conditions including fluid-pressure cycling processes, 
temperature and pH fluctuations, and other physicochemical variations (McCuaig & 
Kerrich, 1998). At the mine scale the alteration types of orogenic gold deposits are 
related to the composition of the host rock (Dubé & Gosselin, 2007).  
Cameron & Hattori (1987) proposed that the parent magmas in the mineralization 
of Archean gold were moderately oxidized, hydrous, and rich in CO2. This oxidized 
component may have helped incorporate Au into the partial melt and partition it into 
magmatic aqueous fluids. In general, CO2-rich fluids can separate into two phases at 
quite high temperatures and pressures: 1) a saline aqueous liquid; and 2) a low-salinity 
H2O-CO2 liquid. This separation can lead to partitioning of base metals that are 
complexed by Cl from other metals including Au, Sb and As (Cameron & Hattori, 1987). 
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Typical orogenic gold-associated fluids have been studied and it has been suggested that 
mineralizing fluids occurred at 1-3 kbar, between 160°C to 700°C, near neutral pH, and 
in the H2O-CO2 ± CH4 ± H2S ± N2 system with 0-35 wt% (generally ≤6 wt%) equivalent 
NaCl concentration (McCuaig and Kerrich, 1998). For instance at Val-d’Or, Walsh et al. 
(1988) concluded that orogenic gold formed at temperatures between 280°C and 350°C 
and pressures of 1 to 2 kbars. Log ƒO2 and pH of the ore fluids were estimated to have 
been from -34 to -36 and 8 to 9, respectively. Groves et al. (2003) further indicate that ore 
forming fluids in greenstone-hosted quartz-carbonate vein deposits are typically at 1.5 ± 
0.5 kbars, 350° ± 50°C, and occur in low-salinity H2O-CO2 ± CH4 ± N2 fluids 
transporting gold as a reduced sulfur complex.  
Since the ore deposition in Archean gold deposits is accompanied with strong 
carbonatization, the ore fluids are recognized to be CO2-rich. The carbonatized rocks 
around most deposits have δ13C values that are within the range of juvenile-magmatic 
CO2 (between -7 and -2 ‰ with a mean of -5 ‰; Cameron & Hattori, 1987). The 
presence of sulfate minerals and hematite are indicative of oxidized hydrothermal fluids, 
while the association of anhydrite and hematite (e.g. Timmins, Ross Mine, Matachewan, 
and Kirkland Lake) also indicate that the magmas were oxidized (Cameron & Hattori, 
1987; Colvine et al., 1988).  
At Young-Davidson, the gold mineralization has features that are similar to other 
syenite-hosted gold deposits, as well as other orogenic gold deposits from the southern 
Abitibi greenstone belt. Two main alteration types, K-feldspar and iron-carbonate 
observed at the Young-Davidson syenite are generally consistent with the typical 
alteration of syenite-hosted gold deposits (Robert, 2001). One of the main problems with 
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deformed and metamorphosed terranes such as the southern Abitibi belt is that the 
primary structures are largely overprinted by deformation and metamorphism and thus 
are difficult to recognize (Dubé & Gosselin, 2007).  
 
5.2 Models for Determining Fluid Source of Gold Deposition in the 
Abitibi Greenstone Belt 
There are several models for gold deposition in the Abitibi greenstone belt, but 
the source of the fluid is still controversial (Colvine et al., 1988; Dubé & Gosselin, 2007). 
Several authors have proposed a deep source for gold related to metamorphic 
devolatilization (Colvine et al., 1988; Groves et al., 1995; Powell et al., 1991). Cameron 
& Hattori (1987) proposed that the most reasonable general source for oxidized 
hydrothermal fluids in the Abitibi was that they were derived from oxidized felsic 
magmas, while metamorphic fluids, seawater, or meteoric waters were unlikely sources 
as the Archean atmosphere was reducing in nature.  In 1993, Hutchinson also proposed a 
multi-stage model, a genetic hypothesis where gold was recycled from pre-enriched 
source rocks and early formed gold deposits. Finally, others have proposed a mantle-
related model with a magmatic source for the fluids (Rock & Groves, 1988; Spooner, 
1991), or deep convection of meteoric fluids (Nesbitt et al., 1986).  
A magmatic origin theory is supported by: 1) the mineralization would be 
temporally and spatially related to felsic intrusions, 2) δ13C values are about -5‰, and 3) 
evidence of hydrofracturing and brecciation associated with the release of aqueous fluids 
from magma (Dubé & Gosselin, 2007). Thus it seems there is a close relationship 
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between mineralization and felsic intrusions in Matachewan and it is probable that the Au 
was derived from the same magma that formed the intrusions (Dubé & Gosselin, 2007). 
Recent studies done by Lin & Beakhouse (2012), on the Hemlo gold mine propose a 
structural model for the magmatic fluid involvement in this area and suggest it is possible 
to generalize this model to other Abitibi greenstone belt gold deposits in the Superior 
province. A main characteristic of their model is the general synchronicity and interaction 
of compressional and extensional, vertical and horizontal, and magmatic and 
structural/tectonic processes. 
Each of the fluid source models has their own merits, and different aspects of all 
or some of them have potentially been involved in the formation of quartz-carbonate 
greenstone-hosted gold deposits. However, in previous studies it is generally accepted 
that based on ore fluid δ18O and δD values the involvement of meteoritic waters is 
unlikely (Goldfarb et al., 2005; Dubé & Gosselin, 2007). Consequently, oxidized fluids 
are most likely magmatic in origin. At Young-Davidson we hypothesize that two fluid 
sources tend to play a role in controlling gold deposition: 1) Magmatic fluids and 2) 
Metamorphic fluids. Evidence in favor of these sources is discussed as follows:  
 
5.3 Evidence Supporting Magmatic Fluid Sources 
In order to develop carbonate minerals in a system, the fluids responsible for their 
deposition must contain oxidized carbon species (CO2, H2CO3, HCO3
-
, and CO3
2-
; 
Ohmoto & Rye, 1979). In hydrothermal fluids, there are three possibilities for the 
derivation of oxidized carbon species: 1) a magmatic source; 2) oxidation of reduced 
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carbon (organic compounds in sedimentary rocks, or graphite in metamorphic and 
igneous rocks); and 3) leaching of sedimentary carbonates.  Among these possibilities, 
the first explanation, that of a magmatic source is the most likely at the Young-Davidson 
deposit because of the high temperatures, calculated from oxygen isotopic results 
obtained in this study, in combination with potassic alteration (see Chapter 4). 
A high temperature for potassic alteration is indicated from oxygen isotope 
thermometry, but despite these high temperatures and δ18OH2O values, there remains a 
lack of evidence from crosscutting relationships in the Young-Davidson to further 
support the interpretation of involvement of a magmatic source (i.e., dikes that cut 
mineralization). The fluid derived from underneath magmas regularly occur at higher 
temperatures relative to metamorphic counterparts, which could imply fluid mixing has 
cooled down the parent magma and caused gold precipitation from the solution in 
Matachewan (Martin, 2012). 
In summary, primary evidence from this study for the involvement of magmatic 
fluids in gold precipitation in the Abitibi greenstone belt is as follows: 
1) Oxygen isotope thermometry from each vein set shows high (>320°C) temperatures of 
formation for the oldest and youngest vein sets; indicating that V1, V2 and V3 veins have 
been formed from hydrothermal fluids with almost the same temperature range. The 
euhedral K-feldspar in the V3 also shows tartan twinning, implying was originally formed 
at high temperature; probably above 300°C (Nesse, 2000). The maximum stability of 
rutile-calcite-quartz is also at the temperature above 300°C but below 450°C (Linnen & 
Williams-Jones, 1990) which is consistent with the oxygen isotope geothermometry. 
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2) Potassic-hematite alteration and oxidized mineral assemblages are present here, and in 
Archean intrusions, are best explained by oxidized magmas. In addition at Young-
Davidson the correlation between high K2O alteration, sulfur concentration and areas of 
gold mineralization supports the idea of magmatic fluid involvement. 
3) Tremolite-epidote associated with pyrite, also seen here, is also consistent with 
magmatic fluid involvement during mineralization. 
 
5.4 Evidence Supporting Metamorphic Fluid Sources 
Syenite alteration patterns at Young-Davidson support a magmatic-hydrothermal 
model however, the mineralization is associated with D2 deformation. This implies that if 
magmatic fluids were involved they must have been external to the Young-Davidson 
syenite and thus may have been influenced by regional structural events and has been 
potentially mixed with typical metamorphic fluids (Zhang et al., 2011; Linnen et al., 
2012). 
At Young-Davidson, much of the mineralization is disseminated in the syenite, 
but veins also formed as a consequence of deformation in the syenite (Linnen et al., 
2012). Based on previous structural studies, the veins and gold mineralization at the 
Young-Davidson syenite were dominantly emplaced during post-intrusion D2 
deformation. Therefore, there has to be a different magma since there are syenite 
boulders in Timiskaming sediments, but syenite also cuts the sediments. Mineralization 
has also likely been remobilized towards late D2 deformation in V3 quartz-carbonate 
veins (Zhang et al., 2011, Linnen et al., 2012), suggesting the involvement of 
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metamorphic fluids within the deposit. Consequently, it is possible that pervasive 
potassic-hematite alteration in the syenite and alteration surrounding sediment-and 
syenite-hosted veins might have resulted from metamorphic fluids related to the 
deformation zone (Linnen et al., 2012). A third possibility is that the variation of δ18O 
values is the result of mixing of magmatic and metamorphic fluids. 
 
5.5 Significance of the Oxygen Isotope Results at Young-Davidson 
Samples taken from syenite in the Lucky Zone and Lower Boundary Zone have 
high δ18O whole-rock values, ranging from +9.2 ± 0.2 to +11.2 ± 0.2 ‰, whereas the 
syenite samples from the Lower YD Zone exhibit lower δ18O whole-rock values, ranging 
from +8.2 ± 0.2 to +10.7± 0.2 ‰. Normal felsic plutonic rocks have δ18O whole-rock 
values of between +6 to +10 ‰ (Taylor, 1978; Kerrich & Watson, 1984). Taylor (1968) 
specifically reports δ18O whole-rock values for syenites extending from +6.0 to +7.0 ‰. 
Hence, the syenite rocks at Young-Davidson are enriched in 
18
O by about 4 ‰ relative to 
normal fresh rocks. Porphyritic and felsic syenites, along with trachytic tuffs, have δ18O 
whole-rock values ranging from +6.6 to +10 ‰ in Kirkland Lake (Kerrich & Watson, 
1984). Thus, Young-Davidson syenite samples are enriched in δ18O by about +1.5 ‰ 
over their counterparts.  
Typically, igneous rocks that show high δ18O values (> +10 ‰) have formed 
either by interaction with, or anatexis of high δ18O sedimentary rocks, or by low 
temperature alteration (<200°C) (Criss et al., 1984; Longstaffe, 1982). In the latter case, 
18
O enrichment of igneous rocks has occurred due to the larger isotopic fractionation 
75 
 
 
between minerals and water at lower temperatures (<200°C). This produces secondary 
minerals with high δ18O values, and/or partial to complete oxygen isotope exchange of 
primary minerals (to usually higher values) with high δ18O hydrothermal fluids, which is 
more rare (Criss et al., 1984). Alternatively, 
18
O-depletion in rocks and minerals from 
normal igneous compositions is generally associated with interaction with hydrothermal 
fluids derived from seawater or meteoric water, or they have interacted with rocks 
derived from seawater such as limestone (Taylor, 1974). The possibility of interaction 
with sedimentary rocks is more likely to be responsible for the 
18
O-enrichment as 
sedimentary rocks have intruded the syenite at the Young-Davidson deposit. 
 
5.6 Significance of the Oxygen and Carbon Isotope Results in 
Carbonates in Support of Fluid Mixing 
Carbon isotope fractionation is dependent on pH, redox conditions, temperature, 
carbon isotopic composition, and concentration of total dissolved carbon in the parent 
solution (Ohmoto & Rye, 1979). Thus, studying carbon isotopic compositions of 
carbonate mineral separates may help to determine the source of hydrothermal carbon, 
and possibly identify precipitation mechanisms resulting from variations in these 
parameters. 
Mantle carbon isotope compositions typically fall between -7 and -2 ‰ with a 
mean of -5 ‰ (Jia & Kerrich, 2000). However, based on the δ13C values from this study 
ranging between -6 and -2 ‰, it is difficult to precisely interpret a unique carbon source 
as magmatic, sedimentary, and metamorphic rocks are all characterized by average δ13C 
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values in this range (Jia & Kerrich, 2000). Total dissolved carbon in these hydrothermal 
fluids has been documented to have had approximate δ13C values varying from -7 to 0 ‰ 
(Fyon et al., 1983; Spooner et al., 1985; Cameron & Hattori, 1987; R. Kerrich et al., 
1987; Colvine et al., 1988). Carbon isotope compositions in kimberlites fall between both 
the δ13C values of carbonatites and those of dolomite, within the narrow range of -5 ± 0.2 
‰ (Deines & Gold, 1973). These δ13C values may result from carbonate minerals that 
have formed from magmas produced by partial melting of average mantle rocks (Ohmoto 
& Rye, 1979).  
The δ13C values of CO2 in hydrothermal systems vary with changes in 
temperature, ƒO2, pressure, and pH of surrounding fluids, which are analogous to δ
34
S 
variations of H2S. These variations exist due to broad isotopic fractionations factors 
between oxidized carbon species and reduced carbon species (CH4) (Ohmoto & Rye, 
1979). The distribution of these species is affected by adjustments in the physiochemical 
parameters of the hydrothermal solutions (Ohmoto & Rye, 1979). At Young-Davidson, 
all the fluid inclusions are secondary, none of them contain CO2 (Moroz, 2010). 
Therefore the carbon speciation in the fluid associated with mineralization is unknown.  
A high CO2 content, as observed at Young-Davidson, has two significant 
physicochemical effects: 1) it allows a mineralized aqueous phase to be separated at 
greater depth than for CO2-poor magma; and 2) immiscibility in the system H2O-CO2-
NaCl supplies a mechanism for the formation of low-salinity, S-rich, H2O-CO2 ore fluids 
that are interpreted to be responsible for the genesis of many Archean gold deposits 
(Cameron & Hattori, 1987). In the Archean, the most probable source for oxidized 
hydrothermal fluids are felsic intrusions (Hattori &Cameron, 1986) whereas CO2 and 
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H2S-rich fluids are produced from metamorphic devolatilization reactions during 
deformation events (Phillips, 1993). 
Previous studies done in the neighboring areas (e.g. Timmins), indicate 
temperatures of 300° to 400°C, under reduced conditions, and at neutral to slightly acidic 
pH conditions, where sericite is stable for auriferous fluid (Smith et al., 1984; Kerrich et 
al., 1987; Colvine et al., 1988). Previous work concluded that mantle degassing was the 
possible source of CO2 based on δ
13
C values obtained (-3.2 ± 0.7 ‰; Kerrich et al., 
1987). 
For several of the deposits close to Matachewan area (e.g. Hollinger mine, 
Timmins and Canadian Arrow mines, and Matheson) δ13C and δ18O data are available 
(Cameron & Hattori, 1987). Cameron & Hattori (1987) suggest that the δ13C values show 
a noticeable uniformity both within and between deposits ranging from -5 to -1 ‰ and 
around a mean of -3.1 ‰ at 330°C for the Canadian Arrow mine and at 340°C to 440°C 
for the Hollinger mine. They also suggest a well-mixed and constant fluid source in these 
deposits. Similarly, Cameron & Hattori (1987), and Kyser (1986) estimate mantle C at 
about -5 ‰ and Taylor (1986) puts juvenile CO2 (least contaminated by crustal materials) 
at -5 to -3 ‰. Thus the carbonic nature of the auriferous fluids has been interpreted to 
introduce a mantle source for the dissolved CO2 in the hydrothermal fluids. Based on 
other evidence at Young-Davidson including the oxygen and carbon isotope results in 
carbonates and the range of δ18O values of quartz, there appears to be a mixed fluid 
source and a lack of uniformity of the δ13C values (see sections 5.6 and 5.7).   
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Positive correlation between δ13C and δ18O values of the secondary carbonates 
possibly reveals mixing between earlier high-temperature-magmatic-dominated 
hydrothermal fluids (Ohmoto & Rye, 1979) and later low-temperature-metamorphic-
dominated hydrothermal fluids (Templeton et al., 1998). V1, V2 and V3 veins in syenite 
samples at Young-Davidson exhibit a range of δ13C values, i.e., -6.4 ± 0.2 to -1.7 ± 0.2 ‰ 
for ankerite, and -4.4 ± 0.2 to -3.5 ± 0.2 ‰ for calcite. These are typical compositions for 
carbonates from hydrothermal ore deposits (Ohmoto & Rye, 1979).  
In general, factors affecting carbon isotopic composition include: 1) changing 
temperature; 2) varying CO2/CH4 ratios in the fluids (there is no evidence for this at 
Young-Davidson); and/or 3) fluctuating contribution of CO2 from other sources (Ohmoto 
& Rye, 1979). According to the third factor the range observed for δ13C values at Young-
Davidson can be explained by: 1) devolatilization during metamorphism causing variable 
composition of CO2; and 2) a sedimentary source for carbonate minerals. Based on 
previous studies by Berger (2006), carbonate alteration is found throughout the 
sedimentary rocks and is interpreted as part of the greenschist metamorphic grade mineral 
assemblage in regional studies of the Timiskaming assemblage in the Matachewan area.  
At Young-Davidson there is a trend of increasing δ13C values in carbonate 
minerals with age. V1 carbonates have δ
13
C = -6.4 ‰; whereas later V3 veins have δ
13
C = 
-3.5 ‰ (Figure 5.1 and Table 5.1). Fractionation between ankerite and calcite is apparent 
only in δ18O (Table 5.1) and there are no theoretical differences between ankerite and 
calcite in δ13C. The oxygen fractionation factor between dolomite and water is presented 
by Sheppard & Schwarcz (1970) as: 1000 ln α (Dol-H2O) = 0.180 x 10
6
T
-2
 +0.17 at 100° 
to 650°C.  The oxygen fractionation factor between ankerite and water is: 1000 ln α 
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(Ank-H2O) = 4.120 x 10
6
T
-2
 -4.62 x 10
3
T
-1
 +1.71 at 180° to 550°C (Zheng, 1999). 
Mumin et al. (1996) have calculated the oxygen isotope compositions of carbonates using 
the following orthophosphoric acid-CO2 fractionation factors: 1) calcite (25°C) = 
1.01025; and 2) dolomite (ankerite) (50°C) = 1.01065. It has been assumed that ankerite 
behaves like dolomite for all calculations. Measuring the δ13C and δ18O values in 
carbonate minerals taken from different vein types thus makes it possible to distinguish 
temporal relationships.  
Previous carbon-isotope studies (Sheppard et al., 1971; Ohmoto & Rye, 1979; 
Chacko et al., 1991; Zheng & Hoefs, 1993) have suggested that retrograde cooling of a 
hydrothermal fluid, e.g. from 300° to 200°C, which is within the range of the lower 
temperature quartz-sericite-calcite alteration assemblage, results in 
13
C-enrichment of 
about 2 ‰. Immiscible separation of CO2 is a consistent characteristic of most Au-Ag 
vein systems (Guha et al., 1982; Kerrich, 1983; Smith & Kesler, 1985; Kerrich et al., 
1987). In hydrothermal systems, separation of CO2 gas from an H-C-O fluid can cause a 
shift in isotopic relationships. Higgins & Kerrich (1982) have suggested that separation 
of 20 mol % CO2 at 300°C would generate a depletion of about 3 ‰ in the residual fluid 
and leave a CO2 (gas)-H2O (liquid) fractionation of +14 ‰. We suggest, therefore, that 
gold deposition at Young-Davidson involves cooling of the hydrothermal fluid by mixing 
with lower temperature metamorphic fluids (Figure 5.1). To test this, fluid composition 
was model assuming ankerite with δ18O and δ13C composition of +11.9 ‰ and -6.4 ‰ 
respectively, at a temperature of 416 ± 29°C (Table 4.1). Using the equations (Sharp, 
2007), assuming that the fluid composition in equilibrium with this ankerite remained the 
same, ankerite compositions are calculated from 416 to 350°C.  This resulted in a roughly 
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+1.3 ‰ difference in δ18O value (from +11.9 ‰ to 14.2 ‰) and a 3.6 ‰ change in δ13C 
value (from -6.4 ‰ to -2.8 ‰). 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.1: Plot of stable carbon isotope data versus stable oxygen isotope data in 
carbonate mineral separates. A trend of increasing compositions from earlier formed 
veins to later formed veins is shown. In general calcite samples are more depleted of 
18
O 
relative to ankerite samples. The line depicted above is not a trend line and it only 
represents the possible cooling direction of the hydrothermal fluids. 
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Table 5.1: Oxygen and carbon isotope results from different carbonate vein generations. 
 
 
 
 
 
 
 
 
 
5.7 Comparing δ18O Values of Quartz in Support of Fluid Mixing 
Most Archean gold deposits are dominated by quartz veins and oxygen isotopic 
characterization has been the focus of many studies (Kerrich, 1987). Archean examples 
are characterized by consistently high δ18O values of quartz and subsequently 18O-
enriched water with δ18OH2O = +5 to +9 ‰ (Kerrich, 1987).  In all Archean deposits, the 
δ18O values taken from quartz veins fall normally in the range of +10 to +16 ‰ with the 
majority falling within the interval between +12.5 and +15.0 ‰ (Kerrich & Fryer, 1979; 
Kerrich & Hodder, 1982; Fyon et al., 1983; Fyfe & Kerrich, 1984; Kerrich & Watson, 
1984; LaKind & Brown, 1984; McNeil & Kerrich, 1986; Kishida & Kerrich, 1987; 
Colvine et al., 1988). At Young-Davidson the δ18O values of quartz range from +12.3 
± 0.2 to +14.3 ± 0.2 ‰, which is consistent with δ18O literature values for the Archean. 
Sample 
ID 
δ13C (‰) 
VPDB 
δ18O (‰) 
VSMOW 
Mineral 
Separate 
Vein 
Generation 
262338 -3.4 10.7 Cal V3 
261558 -6.4 11.8 Ank V1 
262310 -5.5 12.1 Ank V3 
261590 -6.4 11.9 Ank V1 
261588 -6.0 11.9 Ank V2 
802765 -4.4 11.0 Cal V3 
802769 -1.7 11.7 Ank V3 
802839 -5.9 12.1 Ank V2 
802861 -2.4 13.5 Ank V3 
802869 -4.1 10.6 Ank V1 
802926 -4.0 12.2 Ank V2 
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Once the magma crystallizes, fractures inside the rock can develop creating increased 
pathways that with the infiltration of meteoric and/or metamorphic waters can lead to 
intense hydrothermal convection systems (Sharp, 2007). 
Colvine et al. (1988) described similar δ18O values of vein quartz and adjacent 
quartz in mineralized selvages of wall rock, whereas δ18O values of quartz in contiguous 
rocks, independent from the volume influenced by mineralization, displayed different 
isotopic values.  In other words, wall rock quartz sustained substantial positive changes 
relative to "fresh rock", in order to be in equilibrium with vein quartz (Kerrich & Fryer, 
1979; McNeil & Kerrich, 1986; Kerrich et al., 1987; Colvine et al., 1988). These 
relationships indicate that veins and their adjacent wall rock environments were in a 
fluid-dominated system along hydrothermal conduits, implying that the fluid reservoir 
was relatively 
18
O-enriched and that the fluid originated from an external source to the 
lateral depositional site. This also suggests that, in the majority of cases, high fluid to 
rock ratios were present throughout the mineralized zone (Colvine et al., 1988).  
In general, the reason for an enhanced variability in δ18O values of quartz in 
Archean deposits can be explained by the fact that Archean clastic sedimentary rocks and 
possibly the entire upper crust are less 
18
O-enriched compared to equivalent Proterozoic 
or Phanerozoic deposits (Kerrich et al., 1987). A number of independent parameters may 
control the variations observed in the δ18O values of hydrothermally precipitated quartz. 
Fluid composition in the source areas is controlled by: 1) the initial isotopic composition 
of the fluid reservoir; 2) the δ18O values of the rock reservoir at source; 3) the water/rock 
ratio; and 4) the temperature of exchange (Kerrich et al., 1987). In a mineralization zone, 
δ18O value of the hydrothermal fluids may be affected by: 1) exchange reactions with 
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wall rocks; 2) in a closed system, precipitation or solution of an oxygen-bearing phase 
which has been either depleted or enriched in δ18O relative to the fluid; 3) immiscible 
separation of CO2; or 4) mixing with a fluid reservoir which is isotopically distinct 
(Kerrich et al., 1987). Variables 1 and 2 can be eliminated according to the interpretations 
for high fluid/rock ratios in the hydrothermal system. As well, the solubility of most 
hydrothermal minerals in the deposits is insufficient compared to their precipitation and 
so cannot be responsible for making an isotopic shift in the fluid phase. Therefore, the 
only possibility remaining is fluid mixing of magmatic and metamorphic fluids (Kerrich 
et al., 1987). 
 
5.8 Conclusions: 
The Young-Davidson syenite-hosted orogenic gold deposit is mostly a post-
intrusion, structurally controlled deposit associated with D2 deformation that occurred 
due to the re-activation of the CLLDZ. Young-Davidson syenite-hosted mineralization is 
related to deformational processes at moderately high temperatures (322° to 428°C) and 
from CO2-bearing fluids. The fluid/rock ratio is high and δ
18
O of the fluid ranges from 
+6.6 to +11.8 ‰. 
There are structural controls for gold mineralization at Young-Davidson; gold is 
associated with distinct vein sets with igneous sources that can be related to D2-D3 
deformation. Gold mineralization was emplaced with fine-grained corroded pyrite into 
two main veining episodes (V2 and V3) which were active between the end of D1 
deformation running through to the end of D2 deformation (Zhang et al., 2011). 
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Oxygen isotope thermometry indicates different veining systems formed at 
temperatures > 320°C, and tartan twinned K-feldspar in all vein generations also supports 
the idea that hydrothermal fluids occurred at high temperatures (> 300°C; Nesse, 2000) 
and they were present during all episodes of the vein forming process. The vein system 
was fluid-dominated, and the wall rocks had equilibrated thermally with the fluid. 
Considering the scale of the mineralized systems, the volume of fluid must have been 
large, suggesting that the source of the fluids originated from an external reservoir to the 
depositional region.  
Preliminary conclusions indicate that the repeated stages of mineralization 
occurred at similar temperatures and involved both magmatic and metamorphic fluids. 
Oxygen stable isotope studies indicate that Au (or at least alteration and pyrite) was 
deposited during recurring fluid mixing. 
The δ18O fluid values and high temperatures in V1 veins indicate that these veins 
may have a magmatic origin or are at least related to the earliest stages of magmatic fluid 
release during cooling of the pluton. Similar to the V1 veins, the δ
18
O fluid values and 
high temperatures in V3 veins are consistent with a magmatic component. Although, it 
should also be considered that the δ18O fluid values in V3 veins deviate by approximately 
5 ‰ (from 7.0 ± 0.6 to 11.9 ± 0.2 ‰), which is also consistent with fluid mixing 
throughout the deposit. The variation in the δ18O values of hydrothermally precipitated 
quartz at Young-Davidson can also be explained by the fluid mixing of magmatic and 
metamorphic fluids. 
In conclusion, gold mineralization at Young-Davidson shows strong correlation 
with pyrite, veining, and potassic-hematite alteration. Hydrothermal biotite can be used as 
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another indicator of potassic alteration and as a tool to help locate mineralized zones with 
gold concentrations higher than 1 ppm.  The δ18O values of +10.3 ± 0.2 ‰ represent a 
chlorite boundary and are suggestive of mineralized zones throughout the deposit. Based 
on the evidence presented here, the formational model is proposed as a mixed magmatic-
metamorphic hydrothermal model, where alteration patterns and mineralizing fluids 
maintain features of both magmatic and metamorphic fluids.  
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Appendices 
Appendix A: The whole-rock oxygen-isotope results in Lucky Zone and Lower Boundary Zone. The error for δ18OWR values is 
± 0.2 ‰ and the duplicate values are displayed in parenthesis. 
HoleID SampleID Depth (m) 
Lith 
Class 
Zone of 
Mineralization 
Au 
(ppm) 
18
O WR(‰) 
Chlorite 
No. 
Biotite 
No.  
K2O 
(wt%) 
S (wt%) 
YD06-10 802801 496 SYN Inside  0.06 10.2 1 0 4.45 0.08 
YD06-10 802804 517.8 JSED Outside  0.04 10.7 0 
 
6.47 0.04 
YD06-10 802808 535.6 JSED Outside  0.04 11.0 0 
 
4.19 0 
YD06-10 802810 543.9 JSED Outside  0.04 11.0 0 
 
2.62 0.12 
YD06-10 802811 558.2 LAMP Outside  0.12 7.8 (8.2) 0 
 
3.66 0 
YD06-10 802813 576.3 SEDS Outside  0.1 10.5 0 
 
3.03 0.31 
           
YD06-16A 802814 1182.1 TSYN Outside  0.33 10.4 
  
4.16 0.12 
YD06-16A 802815 1194.1 TSYN Outside  0.49 10.2 1 0 6.11 1.1 
YD06-16A 802816 1207.5 TSYN Outside  0.56 10.3 0 0 5.59 0.62 
YD06-16A 802819 1228.6 JSED Outside  0.05 10.7 0 
 
8.02 0.02 
YD06-16A 802823 1257.4 TSYN Inside  1.2 10.6 0 1 6.5 0.13 
YD06-16A 802824 1258.4 TSYN Inside  1.81 10.0 1 1 7.83 0.52 
           
YD07-33A 802827 1145.8 SYN Outside  0 9.4 
  
5.71 0.13 
YD07-33A 802828 1174.4 SYN Outside  0 10.3 
  
6.59 0.06 
YD07-33A 802829 1202.2 SYN Outside  0 10.3 0 2 6.43 0.09 
YD07-33A 802831 1234.5 JSED Outside  0 11.0 
  
5.23 0.01 
YD07-33A 802832 1262.2 SYN Outside  0 10.7 0 0 5.47 0.02 
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Appendix A: The whole-rock oxygen-isotope results in Lucky Zone and Lower Boundary Zone-continued. The error for 
δ18OWR values is ± 0.2 ‰ and the duplicate values are displayed in parenthesis. 
HoleID SampleID Depth (m) 
Lith 
Class 
Zone of 
Mineralization 
Au 
(ppm) 
18
O WR(‰) 
Chlorite 
No. 
Biotite 
No.  
K2O 
(wt%) 
S (wt%) 
YD07-33A 802833 1289.2 TSYN Outside  0.05 10.6 
  
7.08 0.11 
YD07-33A 802834 1321 TSYN Outside  0.04 10.8 0 0 9.27 0.03 
YD07-33A 802835 1356.1 SYN Outside  0.01 10.4 
  
8.04 0.02 
           
YD06-16A 802837 1291.5 TSYN Inside 1.36 10.1 0 1 6.07 2.42 
           
YD07-33A 802840 1375.5 SYN Outside  0.01 9.9 0 0 6.03 0.22 
YD07-33A 802843 1399.5 SYN Outside  0.01 10.4 
  
5.83 0.05 
YD07-33A 802844 1424.5 ZSYN Inside  6.26 10.3 0 0 8.63 0.91 
YD07-33A 802845 1429.8 SYN Inside  0.05 9.8 
  
4.15 0.03 
YD07-33A 802846 1449.5 ZSYN Inside  0.88 10.9 0 0 9.16 1.49 
YD07-33A 802847 1463.5 LAMP Outside  0.01 9.8 0 
 
6.27 0.06 
YD07-33A 802848 1473.8 SYN Outside  2.13 9.8 (9.8) 0 0 8.73 0.98 
YD07-33A 802851 1507 SEDS Outside  0 10.5 3 
 
2.55 0.41 
YD07-33A 802852 1526 SEDS Outside  0 10.5 3 
 
2.03 0.62 
           
YD07-33E 802853 1091.2 SYN Outside  0.31 9.7 1 1 6.53 0.03 
YD07-33E 802854 1129 TSYN Outside  0.29 10.8 1 1 6.7 0.1 
YD07-33E 802859 1159 SYN Outside  0 10.7 0 1 6.86 0.01 
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Appendix A: The whole-rock oxygen-isotope results in Lucky Zone and Lower Boundary Zone-continued. The error for 
δ18OWR values is ± 0.2 ‰. 
 
HoleID SampleID Depth (m) 
Lith 
Class 
Zone of 
Mineralization 
Au 
(ppm) 
18
O WR(‰) 
Chlorite 
No. 
Biotite 
No.  
K2O 
(wt%) 
S (wt%) 
YD07-33E 802862 1201.3 TSYN Outside  0 11.3 0 1 5.36 0.08 
YD07-33E 802863 1208.9 TSYN Outside  0.22 10.7 
 
1 4.83 0.09 
YD07-33E 802865 1236 SYN Outside  3 9.8 
 
1 6.67 2.64 
YD07-33E 802873 1325 ZSYN Inside  1.27 9.2 1 0 9.25 2.73 
YD07-33E 802874 1391 TSYN Inside  0 10.1 1 0 7.2 0.06 
           
YD07-43 802875 548.8 JSEDS Outside  0.51 9.8 
  
3.29 0.17 
YD07-43 802876 556.1 JSED Outside  0.2 10.5 
  
4.03 0.4 
YD07-43 802877 569.9 SEDS Outside  0.19 10.5 
  
1.94 1.38 
YD07-43 802878 599.1 SYN Outside  0.12 10.5 
 
2 4.85 0.08 
YD07-43 802880 626.8 SEDS Outside  0.41 11.1 
  
5.28 1.45 
YD07-43 802881 650.5 SYN Outside  0.87 10.9 0 1 4 0.08 
YD07-43 802882 673.3 SYN Outside  0.3 10.7 0 1 8.48 0.09 
YD07-43 802885 710.7 SYN Inside  1.06 10.9 0 1 5.5 0.49 
YD07-43 802886 725.3 SYN Outside  2.03 10.6 0 1 7.62 0.99 
YD07-43 802887 747 SYN Outside  0.05 10.7 0 1 5.66 0.06 
YD07-43 802888 765.5 TSYN Outside  0.02 10.8 
 
1 6.43 0.05 
YD07-43 802889 801 TSYN Outside  0.72 10.8 
 
1 5.94 0.23 
YD07-43 802890 824.4 SYN Outside  0.02 10.8 
  
6.93 0.04 
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Appendix A: The whole-rock oxygen-isotope results in Lucky Zone and Lower Boundary Zone-continued. The error for 
δ18OWR values is ± 0.2 ‰ and the duplicate values are displayed in parenthesis. 
HoleID SampleID Depth (m) 
Lith 
Class 
Zone of 
Mineralization 
Au 
(ppm) 
18
O WR(‰) 
Chlorite 
No. 
Biotite 
No.  
K2O 
(wt%) 
S (wt%) 
YD07-43 802892 848.5 SYN Outside  0.02 10.6 
  
6.98 0.05 
YD07-43 802893 877.7 SEDS Outside  0.04 10.1 
  
3.27 0.8 
           
YD07-56 802897 946 SYN Outside  0.04 9.5 (9.2) 3 3 4.49 0.24 
YD07-56 802898 961.1 TSYN Inside  1.47 10.8 0 1 7.96 9.96 
YD07-56 802899 993 SYN Outside  0.18 11.2 0 0 6.33 0.05 
YD07-56 802901 1042.6 SYN Outside  0.86 11.1 0 1 5.98 0.08 
YD07-56 802905 1062.5 SYN Inside  2.16 10.8 0 2 5.74 0.9 
YD07-56 802906 1087.1 SYN Inside  0.16 11.1 0 0 7.1 0.07 
           
YD06-16C 802908 1228.5 SYN Outside  1.91 10.9 0 1 6.09 0.12 
YD06-16C 802909 1255 SYN Outside  0.07 10.4 0 3 7.51 0.05 
YD06-16C 802910 1264 TSYN Outside  2.69 10.8 0 1 7.3 1.35 
YD06-16C 802912 1276.5 TSYN Outside  0.15 10.3 0 0 8.08 0.1 
YD06-16C 802913 1294.2 SYN Outside  2.63 10.3 0 1 7.64 3 
YD06-16C 802916 1221 JSED Outside  2.43 10.0 0 
 
8.28 2.69 
YD06-16C 802919 1335.8 TSYN Inside  0.96 10.7 0 0 8.34 0.46 
           
YD07-56A 802923 1006 SYN Out side 0.26 10.6 
  
5.4 0.05 
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Appendix A: The whole-rock oxygen-isotope results in Lucky Zone and Lower Boundary Zone-continued. The error for 
δ18OWR values is ± 0.2 ‰. 
HoleID SampleID Depth (m) 
Lith 
Class 
Zone of 
Mineralization 
Au 
(ppm) 
18
O WR(‰) 
Chlorite 
No. 
Biotite 
No.  
K2O 
(wt%) 
S (wt%) 
YD07-56A 802924 1025.2 SYN Out side 0.15 10.9 
  
3.94 0.09 
YD07-56A 802925 1042.1 ZSYN Inside  3.31 10.7 0 1 8.88 2.25 
YD07-56A 802928 1064 ZSYN Inside  4.64 10.4 0 1 7.63 1.68 
YD07-56A 802930 1083.2 SYN Inside  0.13 10.9 0 0 4.76 0.09 
YD07-56A 802931 1103.4 SYN Inside  2.95 10.3 0 1 6.69 1.28 
YD07-56A 802933 1121 SYN Inside  3.15 10.4 0 1 7.26 0.85 
YD07-56A 802935 1137.5 SYN Inside  3.76 10.7 0 0 7.94 1.96 
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Appendix B: The whole-rock oxygen-isotope results in Lower YD Zone. The error for δ18OWR values is ± 0.2 ‰ and the 
duplicate values are displayed in parenthesis. 
HoleID SampleID 
Depth 
(m) 
Lith 
Class 
Zone of 
Mineralization 
Au 
(ppm) 
18
O 
WR(‰) 
Chlorite 
No. 
Biotite 
No.  
K2O (wt%) S (wt%) 
YD07-52 803324 612 Syn Outside 0.215 10.3 0 0 5.25 2.26 
YD07-52 803326 650.6 Syn Inside 1.45 9.3 2 1 8.6 2.18 
           
YD06-23 803334 851.2 Syn Outside 1.03 10.6 2 1 6.95 1.4 
YD06-23 803337 927.5 Syn inside 1.55 9.9 1 1 6.37 0.78 
YD06-23 803338 921.5 Syn inside 3.61 9.6 1 1 8.55 1.82 
YD06-23 803339 948.8 Syn inside 0.804 9.8 2 0 7.26 0.9 
YD06-23 803340 930.5 Syn inside 2.41 9.9 1 1 7.38 1.65 
           
YD06-21A 803342 1200.3 Syn Inside 1.25 9.6 1 1 7.53 2.66 
YD06-21A 803344 1282.8 Syn Outside 1.11 10.3 1 1 6.57 2.06 
YD06-21A 803345 1224.5 Syn Outside 1.07 9.5 2 1 6.59 2.02 
YD06-21A 803346 1248.4 Syn Inside 3.46 8.2 1 1 7.11 2.87 
YD06-21A 803347 1273.7 Syn Outside 0.646 9.8 2 0 5.4 1.93 
YD06-21A 803348 1299.5 Syn Outside 0.736 8.8 2 0 4.91 2.36 
           
YD07-34 803351 801 Syn Outside 0.507 8.8 3 0 5.72 1.48 
YD07-34 803352 821.8 Syn Inside 1.38 8.2 (8.1) 3 2 10.13 2.49 
YD07-34 803353 825 Syn Inside 0.659 9.3 1 0 6.84 1.46 
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Appendix B: The whole-rock oxygen-isotope results in Lower YD Zone-continued. The error for δ18OWR values is ± 0.2 ‰ and 
the duplicate values are displayed in parenthesis. 
HoleID SampleID 
Depth 
(m) 
Lith 
Class 
Zone of 
Mineralization 
Au 
(ppm) 
18
O 
WR(‰) 
Chlorite 
No. 
Biotite 
No.  
K2O (wt%) S (wt%) 
YD07-34 803354 852.6 Syn Inside 3.54 8.6 1 1 9.13 1.69 
YD07-34 803356 865.5 Syn Outside 0.142 8.5 2 0 8.05 0.1 
        
 
  
YD06-26 803357 1150.2 Syn Outside 0.129 10.7 1 0 5.13 0.81 
YD06-26 803360 1208.7 Syn Inside 2.91 
10.3 
(10.3) 
0 
1 
6 3.31 
YD06-26 803361 1225 Syn Outside 0.581 9.9 1 0 6.94 2.27 
YD06-26 803363 1250 Syn Inside 8.18 9.5 1 3 7.59 0.32 
YD06-26 803364 1276.5 Syn Inside 1.02 9.1 2 2 6.39 0.72 
           
YD06-21 803368 1233.5 Syn Outside 0.421 9.1 3 0 6.04 1.09 
YD06-21 803370 1271.5 Syn Inside 1.64 10.4 0 1 7.51 1.59 
YD06-21 803371 1310.5 Syn Inside 0.698 10.1 1 0 7.09 0.67 
YD06-21 803372 1335.5 Syn Outside 0.853 10.2 1 0 6.85 0.83 
           
YD07-46 803375 1299.8 Syn Outside 0.511 10.6 1 0 5.81 2.69 
YD07-46 803376 1325 Syn Outside 0.133 10.3 2 0 5.13 0.66 
YD07-46 803379 1476.3 Syn Outside 1.75 9.0 1 1 6.57 2.54 
YD07-46 803380 1496.8 Syn Outside 0.715 9.0 1 0 7.01 0.85 
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Appendix B: The whole-rock oxygen-isotope results in Lower YD Zone-continued. The error for δ18OWR values is ± 0.2 ‰. 
HoleID SampleID 
Depth 
(m) 
Lith 
Class 
Zone of 
Mineralization 
Au 
(ppm) 
18
O 
WR(‰) 
Chlorite 
No. 
Biotite 
No.  
K2O (wt%) S (wt%) 
YD08-78A 803382 678 Syn Outside 0.116 10.4 3 0 1.21 1.46 
YD08-78A 803383 699 Syn Outside 0.765 10.2 1 0 3.42 2.16 
YD08-78A 803384 724 Syn Inside 0.065 10.6 0 0 4.96 1.6 
YD08-78A 803385 750 Syn Inside 4.44 9.9 2 1 8.32 3.06 
YD08-78A 803386 774.5 Syn Outside 3.84 9.9 2 1 5.4 2.47 
           
YD07-55 803388 549.5 Syn Inside 4.3 9.1 3 1 8.54 2.15 
YD07-55 803389 553.5 Syn inside 2.72 8.7 2 1 8.69 2.35 
YD07-55 803390 559.5 Syn inside 1.44 8.8 3 2 8.94 1.28 
YD07-55 803391 625 Syn Outside 3.23 9.1 3 2 6.74 1.6 
 
 
 
 
 
105 
 
 
Appendix C: Petrographic description of the Lower Boundary Zone 
Lower Boundary Zone           
Sample 
ID 
Au 
(ppm) 
In/Outside 
MZ 
δ18OWR (‰)  
Mineral assemblage 
by XRD 
TS Description DDH ID 
Depth 
(m) 
802897 0.04 out 9.4 
Ab, Mc, Qz, Ms, Bt, 
Cal, Chl, Hem, Mag 
Ground mass is fine grained Kfs, Ms and Cal, 
carbonatization and chloritization, disseminated 
Mag in the groundmass, perthite Ab Grain with Bt 
rim and Ms inside the Ab grain, Cal is coming 
through fine grained Qz, Chl has been formed 
lately (after Qz&Cal) and Chl is coming in Mag, 
both  magmatic (huge grians) and trace 
hydrothermal Bt , Chl has formed after Bt in both 
magmatic and hydrothermal Bt, late crenulated 
and weakly deformed chl/minor Bt veins 
throughout with pic (Bt is altering to Chl), late 
boudinaged and deformed Cal/Qz/ Anh (Anh, 
Cal, Chl vein) with pic), Mag is replacing Hem 
locally, Mag is associated with magmatic Bt and 
also Chl, rutile is associated with both Chl and 
Carbonatization, trace py 
YD07-56 946 
802848 0.84 out 9.8 
Ab, Mc, Qz, Ms, Cal, 
Chl, Ba 
Mag/Hem (Mag overprints Hem) in the ground 
mass, Mag patches, fine grained Qz in the 
groundmass, Carbonate and Kfs, Ms, 
sericitization and hematization throughout the 
matrix, fine grained Qz veinlet, trace 
hydrothermal Bt around py grains, Chl patches, 
late fine grained Qz/Cal/Chl/Bt veins and veinlets, 
granular rutile patches, rutile is adjacent to Chl, 
trace disseminated euhedral py. 
YD07-
33A 
1473.8 
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802840 0.01 out 9.9 
Ab, Mc, Qz, Ms, Cal, 
Hem, Chl, Brt, Mag, Rt  
Tartan Kfs, late weakly deformed Bt/Chl veinlet, 
magmatic Bt associated with carbonates, 
hematization, pseudomorphic titanite, mainly 
Mag patches found locally, trace Hem in the 
groundmass, nice replacement of Mag by Hem 
(with picture), late hematized carbonate vein cuts 
through everything, Ab and Kfs, carbonate 
patches all over the groundmass, some Ab grains 
have altered to Bt (Bt inside the Ab), Anh in the 
groundmass, Anh/Carbonate vein is crosscutting 
deformed fine grained Qz vein (with pic), trace 
clinozoisite, trace py 
YD07-
33A 
1375.5 
802829 0 out 10.3 
Ab, Mc, Qz, Ms, Bt, 
Cal, Ank, Hem, Mag, 
Rt 
Both magmatic and trace hydrothermal Bt, 
Sericitization throughout the matrix, late 
Bt/Ms/Cal vein and deformed fine grained Qz 
vein has been formed after this vein , rutile 
adjacent to Ms/Bt vein, Hem in the groundmass, 
mainly Mag, nice replacement of Mag by 
Hem(with picture), magmatic Bt is associated 
with Mag, pseudomorphic titanite, rutile 
associated with Car/Sericitization, trace 
clinozoisite, trace py,  
YD07-
33A 
1202.2 
802844 5.9 In 10.3 
Ab, Mc, Ms, Cal, Ank, 
Hem, Rt, Czo  
Coarse grained Ab and Mc (Ab>Mc), tartan Kfs, 
Qz with undulose extinction, rutile overprinting 
py,  hematization throughout the groundmass and 
associated with late carbonate veins (these veins 
have formed between Ab and Microcline 
boundaries), late Qz vein cutting through Ab/Mc, 
granular rutile patches in the groundmass, this 
sample contains V2 vein and doesn't contain 
hydrothermal Bt, trace Au inclusions in py?, py 
veinlet (V2) (the reason for high grade Au?), all 
high birefrengeses, high relief minerals are 
clinozoisite, type 1 and type 2 py,  
YD07-
33A 
1424.5 
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802832 0 out 10.7 
Ab, Mc, Qz, Ms, Cal, 
Ank, Hem, Rt 
Groundmass is medium to fine grained Ab and 
Mc, Perthitic Ab, tartan Mc, carbonatization and 
sericitization in the matrix, granular rutile patches 
associated with calcite, trace Chl patches, Bt/Chl 
veinlets, trace hydrothermal Bt, boudinaged late 
carbonate vein cuts another Qz/Mc vein with 
Bt/Chl in it's selvage, Hem in the groundmass, 
trace py  
YD07-
33A 
1262.2 
802898 1.38 in 10.8 
Ab, Mc, Qz, Bt, Cal, 
Ank, Hem, Rt 
Coarse grained Ab and Mc, carbonatization 
throughout the matrix, late deformed Qz- minor 
carbonate vein , Tartan Kfs, rutile/ trace Ccpy in 
py surrounded with hydrothermal Bt, 
hydrothermal Bt around py grains (with picture), 
granular rutile patches, disseminated type 2 py. 
YD07-56 
961.1 
9482.9 
802834 0.04 out 10.8 
Ab, Mc, Qz, Ms, Rt, 
Cal, Ank, Mag, Czo  
Fine to medium grained Ab and tartan Kfs, Qz 
with undulose extinction, main alteration is 
sericitization and minor carbonatization, rutile 
patches associated with serecite,  pseudomorphic 
titanite, trace zoisite associated with  Ms/Car, 
mainly Mag, trace py,  
YD07-
33A 
1321 
802901 0.86 out 11.1 
Ab, Mc, Qz, Ms, Bt, 
Dol, Ank, Hem, Rt 
Porphyritic trachytic texture, Ab>Kfs, coarse 
grained Ab (perthite and Carlsbad Ab) and fine 
grained, a nice zoning in Ab so this is a pretty 
fresh rock, Mc in the ground mass, alteration type 
is carbonatization and Biotization/ minor 
hematization, late carbonate/Bt/Qz vein cutting 
through Ab grains, trace hydrothermal Bt around 
py grains., rutile associated with Bt/Chl, 
pseudomorphic titanite, Biotization in the matrix 
and also as Bt veinlets, Hem in the groundmass, 
trace py. 
YD07-56 1042.6 
108 
 
 
802906 0.16 out 11.1 
Ab, Mc, Qz, Ms, Cal, 
Ank, Hem, Mag 
Coarse grained Ab and Mc in fine grained 
Qz/carbonate/ Mc, Calcite is cutting through fine 
grained Qz vein, late Qz/carbonate vein cross 
cutting everything, late serecite veinlet adjacent to 
Mag grains, tartan Kfs, carbonatization and 
hematization, trace Bt, trace granular rutile 
patches associated with carbonate, mainly Mag 
and minor Hem in the groundmass (Hem is 
replacing Mag locally), trace py 
YD07-56 1087.1 
802899 0.18 out 11.2 
Ab, Mc, Qz, Cal, Ank, 
Hem 
Carbonatization in the matrix, coarse grained 
perthite (with pic), Ab and Mc show intergrown 
texture, tartan Kfs, late fine grained Qz/Cal vein, 
granular rutile patches associated with serecite 
and carbonate,  pseudomorphic titanite, trace Hem 
in the groundmass, trace py,  
YD07-56 993 
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Appendix D: Petrographic description of the Lower YD Zone 
Lower YZ Zone             
Sample 
ID 
Au 
(ppm) 
In/Outside 
MZ 
δ18OWR (‰) 
Mineral assemblage 
by XRD 
TS Description DDH ID Depth (m) 
803346 3.46 in 8.2 
Ab, Mc, Ms, Ank, 
Cal, Clc, Act, Hem, 
Rt, Bt  
hydrothermal Bt here, tartan K-feldspar, coarse 
grained Ab with carlsbad twinning and perthite, Mc 
showing intergrown texture, pervasive 
carbonatization, Bt veinlets cutting Ab, late highly 
deformed and displaced Carbonate/Qz/Bt vein 
adjacent to py grains associated with hydrothermal 
Bt, in this sample Bt is replacing Chl (Bt at the rim of 
Chl patch), chl patches, mainly py with hydrothermal 
Bt, Pyrrhotite in the py (pinkish), py is associated 
with Tremolite, pseudomorph Titanite (now has been 
replaced by rutile), this rutile is associated with 
carbonate/Chl and Bt, it could have been all Bt and 
now have been replaced by Tre and Chl, py is 
associated with rutile and  py inclusions are Au, Ga, 
Ccp and rutile. 
YD06-
21A 
1248.4 
803352 1.38 in 8.2 
Ab, Mc, Ms, Cal, Rt, 
Act, Bt, Clc,   
Porphyric texture (Coarser grained Ab and K-
feldspar in a finer grianed Mc/Ab), tartan K-feldspar, 
Carbonatization and Bt/Chloritization throughout the 
matrix, late deformed fine grained Cal/minor Tre 
vein, rutile patches associated with Chl/Bt,  
pseudomorphic Titanite, Bt/Chl patches, tremolite as 
patches and also inside the veins associate with Bt 
and py,  hydrothermal Bt with inclusion-rich py 
grains, inclusions are mainly Chpy and minor 
pyrrhotite, a  tremolite vein here (a lot of Tre which 
shows Tre alteration), Tremolite has a pseudomorph 
texture (one big grain has been replaced by Tre and 
Bt is in the selvage) 
YD07-34 821.8 
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803354 3.54 in 8.6 
Ab, Mc, Ms, Cal, Rt, 
Clc, Act, Hem, Mag, 
Bt 
It's mainly coarse grained Ab, alteration is 
hematization/ chloritization and sericitization, late 
deformed and slightly crenulated Cal/Chl/Tre/Ep 
veins, Amphibole here (Amph forms in high T), 
hydrothermal Bt, here type 1 and type 2 py grains are 
mainly associated with epidote and these locally 
contain inclusions (inclusions are Ccp and rutile), 
rutile patches associated with Chl, trace zoisite,  
YD07-34 852.6 
803389 2.72 in 8.7 
Ab, Mc, Ms, Cal, 
Clc, Hem, Rt, Bt   
Medium to coarse grained Ab with carlsbad 
twinning, minor Mc, Ms, tartan K-feldspar, 
chloritization and hematization throughout, chl 
patches and as it's filling out fractures, late deformed 
Chl/Bt/rutile/py vein (when it gets close to py chl 
changes to Bt) hydrothermal Bt around py grain (Chl 
underneath py and as gets closer to py alters to Bt), 
py with Chpy/rutile and pyrrhotite inclusions, rutile 
associated with Chl and py, trace clino-zoisite, trace 
tremolite associated with Chl and py, Note: here Chl 
is porphyroblast (not crenulated) 
YD07-55 553.5 
803379 1.75 out 9.0 
Ab, Mc, Ms, Cal, 
Clc, Hem, Anh, Rt, 
Bt, Zrn  
Medium to coarse grained Ab and Mc showing 
intergrown texture, sericitization in the groundmass, 
tartan K-feldspar, late deformed Cal/minor talc 
(around py) vein, hydrothermal Bt, trace tremolite 
patches, py with rutile and Chpy inclusions, Chl/Bt 
patches, granular rutile patches in the groundmass, 
Rutile associated with Chl/Bt and py, trace Mag and 
pyrrhotite in the py, the very high relief mineral is 
zircon (zircon shows hydrothermal source),  
pseudomorph Titanite, trace clino-zoisite,  
YD07-46 1476.3 
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803326 1.45 in 9.3 
Ab, Mc, Ms, Ank, 
Cal, Clc, Hem, Rt, 
Bt, Zrn  
Medium to coarse grained perthite Ab and Mc, minor 
Ms, tartan K-feldspar, carbonatization/minor 
hematization in the matrix, late crenulated and 
deformed Chl veins and patches including rutile with 
Bt in the selvage, late deformed and crenulated 
Qz/Chl vein (Chl is in the selvage), hydrothermal Bt 
around py grains (they are mainly altered to Chl but 
some have preserved as Bt),  py with Ccp and 
pyrrhotite surrounded by Chl and rutile, rutile is 
associated with Chl,  zircon in the groundmass and 
also in the Chl/Bt patches, rutile in the py as 
inclusion   
YD07-52 650.6 
803342 1.25 in 9.6 
Ab, Mc, Rt, Clc, Tlc, 
Bt, Anh, Zo   
Medium to coarse grained Mc and Ab showing 
intergrown texture, tartaned K-feldspar, minor Q, 
Ms, carbonatization, late crenulated and deformed 
Chl/Bt veinlet (it's half Chl half Bt), hydrothermal Bt 
around py grains, rutile adjacent and associated with 
chl, rutile adjacent to trace amphibole? and py,  py 
with rutile and Ccp inclusions, trace clino-zoisite 
YD06-
21A 
1200.3 
803338 3.61 in 9.6 
Ab, Mc, Py, Clc, 
Hem, Bt   
Tartan K-feldspar, coarse grained Mc (mainly tartan) 
and perthite showing intergrown texture in finer 
grained Cal, minor Qz, carbonatization, late 
deformed Calcite/Qz vein, cubic calcite grains, 
psuedomorph Titanite, chl patches and rutile is 
adjacent to them, here rutile is more associted with 
carbonates rather than Chl and somewhere it's seen 
with py, trace Chl/Bt (it's mainly Chl), hydrothermal 
Bt (both Chl and Bt surrounding py), py with Ccp 
and rutile/ trace pyrrhotite inclusions, trace clino-
zoisite 
YD06-23 921.5 
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803337 1.55 in 9.9 
Ab, Mc, Bt, Ank, 
Cal, Clc, Hem  
Small to coarse grained tartan Macl, Carlsbad 
twinning in Ab, intergrwon texture between Ab and 
Mc, trace fine grained Q, there is a lot of 
carbonatization in the groundmass, hematization, no 
vein, trace chl patches while Rt is adjacent to it, Rt is 
more associated with carbonates rather than Chl, 
trace Chl/ Bt patches, pseudomorph Titanite,  
hydrothermal Bt around py grains, Hem in the 
groundmass, py with Ccy and pyrrhotite inclusions, 
not much py.                                                                                                           
YD06-23 927.5 
803372 0.853 out 10.2 
Ab, Mc, Ms, Ank, 
Hem, Rt 
Tartan K-feldspar, Carbonatization and hematization, 
coarse grained Carbonate veinlets, coarse grained 
perthite and Ab with carlsbad twinning, coarse 
grained Mc (some fine grained tartan Mc), 
intergrwon texture, fine grained Qz in the 
groundmass, late folded  and deformed Car/fine 
grained Qz veins and veinlets, late folded and 
deformed Chl/Car veinlet, pseudomorph Titanite, 
trace epidote, trace Bt (Bt is around Mag/Hem 
grains, however it's trace), granular Rt associated 
with chl and more with Car, rutile patches, a lot of 
Mag patches, Mag altering to Hem (with picture), 
Mag is in cubic shape, tarce clino-zoisite trace py,                                                        
YD06-21 1335.5 
803360 2.91 in 10.3 
Ab, Mc, Ms, Ank, 
Anh, Rt, Bt, Ep 
Coarse to medium grained Ab/ Mc showing 
intergrown texture, tartan K-feldspar, hydrothermal 
Bt around py grains, Bt veinlets in the groundmass, 
Anh in late folded and branched Qz vein with Bt in 
the selvage with pic, carbonatization/ minor 
hematization, Anh associated with carbonate 
veinlets, pseudomorph Titanite, rutile associated with 
Bt and more with Car, Zircon, trace clino-zoisite, py 
with Ru/ trace Ccp (no pyrrhotite) inclusions  
YD06-26 1208.7 
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803324 0.215 out 10.3 
Ab, Mc, Ms, Ank, 
Cal, Py, Hem, Rt 
This is a really fine-grained rock, porphyrtic texture, 
Ab in fine grained Car/Q/ Mc, tartan K-feldspar, 
Rutile is associated with Chl and there is trace Bt and 
Chl, all red stuff is hematization, rutile is adjacent to 
chl vein, trace Mag and ilmenite, Qz-Car-Bt vein, 
fine grained Qz, full of Cal, trace hydrothermal Bt, 
py with Ru/Ccp and Ga inclusions, cubic and 
resorbed Mag in the groundmass, a lot of 
carbonatization and hematization in the groundmass, 
late almost planar Car/minor Qz vein,  folded and 
deformed Chl/Bt veinlet, rutile patches associated 
with Car, py is after Bt since it's cutting chl and Bt 
veinlet   
YD07-52 612 
803370 1.64 in 10.4 
Ab, Mc, Ms, Ank, 
Hem, Bt, Zo 
Coarse grained Ab, Mc showing intergrown texture, 
tartan K-sapar, Mc is replacing Ab, Carbonatization, 
minor hematization, late folded Qz vein with Chl in 
the selvage, hydrothermal Bt around py grain, Bt 
patches, Rt is associated with Chl and also with Car, 
pseudomorph Titanite, zoisite, trace zircon, py with 
Ru/ pyrrhotite and Ccp inclusions. 
YD06-21 1271.5 
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Appendix E: X-Ray Diffraction Patterns in Lucky Zone 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Muscovite 3T Si-rich - (K0.93Na0.03)(Al1.54Fe0.25
Chlorite - Mg2Al3(Si3Al)O10(O)8 - Monoclinic
Hematite - Fe2O3 - Rhombo.H.axes
Ankerite - Ca(Mg0.67Fe0.33+2)(CO3)2 - Rhombo.H
Microcline, inter - KAlSi3O8 - Triclinic
Quartz, syn - SiO2 - Hexagonal
Albite, ordered - NaAlSi3O8 - Triclinic
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09-0366-0003 LINNEN 802804
Ankerite - Ca.997(Mg.273Fe.676Mn.054)(CO
Muscovite 3T Si-rich - (K0.93Na0.03)(Al1.54F
Hematite - Fe2O3 - Rhombo.H.axes
Microcline, inter - KAlSi3O8 - Triclinic
Quartz, syn - SiO2 - Hexagonal
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09-0366-0004 LINNEN 802808
Muscovite 3T Si-rich - (K0.93Na0.03)(Al1.54F
Anhydrite - Ca(SO4) - Orthorhombic
Albite, ordered - NaAlSi3O8 - Triclinic
Quartz, low - alpha-SiO2 - Hexagonal
Barite - BaSO4 - Orthorhombic
Calcite, syn - CaCO3 - Rhombo.H.axes
Microcline, intermediate - KAlSi3O8 - Triclinic
File: A20038 09-0366-0004 Linnen 802808.ra
L
in
 (
C
o
u
n
ts
)
0
1000
2000
3000
4000
5000
6000
7000
2-Theta - Scale
2 10 20 30 40 50 60 70 80
09-0366-0005 LINNEN 802810
Muscovite 3T Si-rich - (K0.93Na0.03)(Al1.54Fe0.25Mg0.21Ti0.04)((Si3.34Al0.66)O10)(OH)2 - Hex
Ankerite - Ca(Mg0.67Fe0.33+2)(CO3)2 - Rhombo.H.axes
Microcline, inter - KAlSi3O8 - Triclinic
Quartz, syn - SiO2 - Hexagonal
Albite, ordered - NaAlSi3O8 - Triclinic
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09-0366-0002 LINNEN 802811
Hematite - Fe2O3 - Rhombo.H.axes
Rutile - TiO2 - Tetragonal
Biotite 1M, aluminous barian - (K1.84Na0.1Ba
Chlorite - (Mg,Fe)5(Al,Si)5O10(OH)8 - Monocl
Magnesium calcite, syn - (Mg0.03Ca0.97)(CO
Quartz, syn - SiO2 - Hexagonal
Albite, ordered - NaAlSi3O8 - Triclinic
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Rutile, syn - Ti0.924O2 - Tetragonal
Muscovite 3T Si-rich - (K0.93Na0.03)(Al1.54Fe0.25Mg0.21Ti0.04)((Si3.34Al0.66)O10)(OH)2 - Hex
Ankerite - Ca(Mg0.67Fe0.33+2)(CO3)2 - Rhombo.H.axes
Quartz, syn - SiO2 - Hexagonal
Albite, ordered - NaAlSi3O8 - Triclinic
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09-0366-0008 LINNEN 802815
Muscovite 3T Si-rich - (K0.93Na0.03)(Al1.54F
Rutile, syn - Ti0.924O2 - Tetragonal
Hematite - Fe2O3 - Rhombo.H.axes
Ankerite - Ca(Mg0.67Fe0.33+2)(CO3)2 - Rho
Microcline, inter - KAlSi3O8 - Triclinic
Quartz, syn - SiO2 - Hexagonal
Albite, ordered - NaAlSi3O8 - Triclinic
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Appendix F: X-Ray Diffraction Patterns in Lower Boundary Zone 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
09-0366-0009 LINNEN 802816
Muscovite 3T Si-rich - (K0.93Na0.03)(Al1.54F
Hematite - Fe2O3 - Rhombo.H.axes
Ankerite - Ca(Mg0.67Fe0.33+2)(CO3)2 - Rho
Microcline, inter - KAlSi3O8 - Triclinic
Quartz, syn - SiO2 - Hexagonal
Albite, ordered - NaAlSi3O8 - Triclinic
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09-0366-0010 LINNEN 802819
Muscovite 3T Si-rich - (K0.93Na0.03)(Al1.54F
Magnetite, syn - Fe3O4 - Cubic
Ankerite - Ca(Mg0.67Fe0.33+2)(CO3)2 - Rho
Microcline, inter - KAlSi3O8 - Triclinic
Quartz, syn - SiO2 - Hexagonal
Albite, ordered - NaAlSi3O8 - Triclinic
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09-0366-0011 LINNEN 802823
Muscovite 3T Si-rich - (K0.93Na0.03)(Al1.54Fe0.25Mg0.21Ti0.04)((Si3.34Al0.66)O10)(OH)2 - Hex
Ankerite - Ca(Mg0.67Fe0.33+2)(CO3)2 - Rhombo.H.axes
Microcline, inter - KAlSi3O8 - Triclinic
Quartz, syn - SiO2 - Hexagonal
Albite, ordered - NaAlSi3O8 - Triclinic
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09-0366-0012 LINNEN 802824
Muscovite 3T Si-rich - (K0.93Na0.03)(Al1.54Fe0.25Mg0.21Ti0.04)((Si3.34Al0.66)O10)(OH)2 - Hex
Calcite - CaCO3 - Rhombo.H.axes
Microcline, intermediate - KAlSi3O8 - Triclinic
Quartz - SiO2 - Hexagonal
Albite low - Na(AlSi3O8) - Triclinic
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09-0366-0023 LINNEN 802837
Biotite 1M, aluminous barian - (K1.84Na0.1Ba
Muscovite 3T Si-rich - (K0.93Na0.03)(Al1.54F
Quartz - SiO2 - Hexagonal
Albite, ordered - NaAlSi3O8 - Triclinic
Hematite - Fe2O3 - Rhombo.H.axes
Calcite - CaCO3 - Rhombo.H.axes
Microcline intermediate - K(Si0.75Al0.25)4O8 
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A19980 Linnen 802829
Magnetite, syn - Fe3O4 - Cubic
Hematite - Fe2O3 - Rhombo.H.axes
Calcite - CaCO3 - Rhombo.H.axes
Ankerite - Ca.997(Mg.273Fe.676Mn.054)(CO
Biotite 1M, titanoan - (K1.88Na0.12)(Mg4.67F
Rutile - TiO2 - Tetragonal
Muscovite 3T Si-rich - KAl2(Si3Al)O10(OH,F) 
Quartz - SiO2 - Hexagonal
Microcline intermediate - K(Si0.75Al0.25)4O8 
Albite, ordered - NaAlSi3O8 - Triclinic
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Rutile - TiO2 - Tetragonal
Hematite - Fe2O3 - Rhombo.H.axes
Magnesium calcite, syn - (Mg0.03Ca0.97)(CO3) - R
Ankerite - Ca.997(Mg.273Fe.676Mn.054)(CO3)2 - R
Muscovite 3T Si-rich - KAl2(Si3Al)O10(OH,F) - Hexa
Quartz - SiO2 - Hexagonal
Microcline intermediate - K(Si0.75Al0.25)4O8 - Tricli
Albite, ordered - NaAlSi3O8 - Triclinic
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Clinozoisite - Ca2Al2(Al0.79Fe0.21)(SiO4)3(OH) - 
Magnetite - Fe2.897O4 - Cubic
Magnesium calcite, syn - (Mg0.03Ca0.97)(CO3) - R
Ankerite - Ca(Fe+2,Mg)(CO3)2 - Rhombo.H.axes
Rutile - TiO2 - Tetragonal
Muscovite 3T Si-rich - KAl2(Si3Al)O10(OH,F) - Hexa
Quartz - SiO2 - Hexagonal
Microcline intermediate - K(Si0.75Al0.25)4O8 - Tricli
Albite, ordered - NaAlSi3O8 - Triclinic
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09-0366-0020 LINNEN 802834 
Rutile - TiO2 - Tetragonal
Anhydrite - Ca(SO4) - Orthorhombic
Magnetite, syn - Fe3O4 - Cubic
Ankerite - Ca.997(Mg.273Fe.676Mn.054)(CO3)2 - R
Hematite - Fe2O3 - Rhombo.H.axes
Muscovite 3T Si-rich - KAl2(Si3Al)O10(OH,F) - Hexa
Microcline intermediate - K(Si0.75Al0.25)4O8 - Tricli
Calcite - CaCO3 - Rhombo.H.axes
Albite, ordered - NaAlSi3O8 - Triclinic
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Clinozoisite - Ca2Al2(Al0.79Fe0.21)(SiO4)3(OH) - 
Rutile - TiO2 - Tetragonal
Hematite - Fe2O3 - Rhombo.H.axes
Ankerite - Ca.997(Mg.273Fe.676Mn.054)(CO3)2 - R
Calcite, syn - CaCO3 - Rhombo.H.axes
Albite, ordered - NaAlSi3O8 - Triclinic
Muscovite - 2M1 - KAl2(AlSi3O10)(OH)2 - Monoclini
Microcline, intermediate - KAlSi3O8 - Triclinic
File: 09-0366-0026 Linnen 802844.raw
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09-0366-0026 LINNEN 802844 
Hematite - Fe2O3 - Rhombo.H.axes
Muscovite 3T Si-rich - KAl2(Si3Al)O10(OH,F) - Hexagonal
Quartz - SiO2 - Hexagonal
Microcline intermediate - K(Si0.75Al0.25)4O8 - Triclinic
Calcite - CaCO3 - Rhombo.H.axes
Albite, ordered - NaAlSi3O8 - Triclinic
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09-0366-0029 LINNEN 802847
Biotite 1M, aluminous barian - (K1.84Na0.1Ba
Chlorite - (Mg,Fe)5(Al,Si)5O10(OH)8 - Monocl
Albite, ordered - NaAlSi3O8 - Triclinic
Quartz - SiO2 - Hexagonal
Hematite - Fe2O3 - Rhombo.H.axes
Calcite - CaCO3 - Rhombo.H.axes
Microcline intermediate - K(Si0.75Al0.25)4O8 
Operations: Background 0.977,0.010 | Import
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Hematite, syn - Fe2O3 - Rhombo.H.axes
Magnetite, syn - Fe3O4 - Cubic
Rutile - TiO2 - Tetragonal
Muscovite 2M1 - KAl2(Si3Al)O10(OH)2 - Monoclinic
Quartz, low - alpha-SiO2 - Hexagonal
Barite - BaSO4 - Orthorhombic
Chlorite - (Mg,Fe)5(Al,Si)5O10(OH)8 - Monoclinic
Calcite, syn - CaCO3 - Rhombo.H.axes
Albite high - K0.2Na0.8AlSi3O8 - Triclinic
Microcline, intermediate - KAlSi3O8 - Triclinic
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09-0366-0032 LINNEN 802851
Muscovite 3T Si-rich - (K0.93Na0.03)(Al1.54F
Chlorite - (Mg,Fe)5(Al,Si)5O10(OH)8 - Monocl
Quartz - SiO2 - Hexagonal
Albite, ordered - NaAlSi3O8 - Triclinic
Hematite - Fe2O3 - Rhombo.H.axes
Calcite - CaCO3 - Rhombo.H.axes
Microcline intermediate - K(Si0.75Al0.25)4O8 
File: A20062 09-0366-0032 LINNEN 802851.r
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09-0366-0033 LINNEN 802852
Muscovite 3T Si-rich - (K0.93Na0.03)(Al1.54F
Hematite - Fe2O3 - Rhombo.H.axes
Chlorite - (Mg,Fe)5(Al,Si)5O10(OH)8 - Monocl
Quartz - SiO2 - Hexagonal
Albite, ordered - NaAlSi3O8 - Triclinic
Calcite - CaCO3 - Rhombo.H.axes
Microcline intermediate - K(Si0.75Al0.25)4O8 
File: A20063 09-0366-0033 LINNEN 802852.r
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Calcite - CaCO3 - Rhombo.H.axes
Hematite - Fe2O3 - Rhombo.H.axes
Magnetite, syn - Fe3O4 - Cubic
Muscovite 2M1 - KAl2(Si3Al)O10(OH)2 - Monoclinic
Biotite 1M, titanoan barian - (K1.81Na0.12Ba0.07)(
Chlorite - (Mg,Fe)5(Al,Si)5O10(OH)8 - Monoclinic
Microcline maximum - K(Si3Al)O8 - Triclinic
Albite, ordered - NaAlSi3O8 - Triclinic
Quartz - SiO2 - Hexagonal
File: 09-0366-0061 Linnen 802897.raw
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09-0366-0061 LINNEN 802897 
Rutile - TiO2 - Tetragonal
Hematite - Fe2O3 - Rhombo.H.axes
Ankerite - Ca.997(Mg.273Fe.676Mn.054)(CO3)2 - R
Calcite - CaCO3 - Rhombo.H.axes
Biotite 1M, titanoan barian - (K1.81Na0.12Ba0.07)(
Albite, ordered - NaAlSi3O8 - Triclinic
Quartz - SiO2 - Hexagonal
Microcline, intermediate - KAlSi3O8 - Triclinic
File: 09-0366-0062 Linnen 802898.raw
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Hematite - Fe2O3 - Rhombo.H.axes
Dolomite - CaMg(CO3)2 - Rhombo.H.axes
Ankerite - Ca(Fe+2,Mg)(CO3)2 - Rhombo.H.a
Rutile - TiO2 - Tetragonal
Biotite 1M, titanoan barian - (K1.81Na0.12Ba0
Quartz low - SiO2 - Hexagonal
Muscovite 3T Si-rich - KAl2(Si3Al)O10(OH,F) 
Microcline, inter - KAlSi3O8 - Triclinic
Albite, ordered - NaAlSi3O8 - Triclinic
Operations: Background 1.000,1.000 | Import
File: 09-0366-0065 Linnen 802901.raw
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Calcite, syn - CaCO3 - Rhombo.H.axes
Ankerite - Ca.997(Mg.273Fe.676Mn.054)(CO
Hematite - Fe2O3 - Rhombo.H.axes
Quartz, syn - SiO2 - Hexagonal
Microcline intermediate - K(Si0.75Al0.25)4O8 
Albite, ordered - NaAlSi3O8 - Triclinic
Operations: Background 1.202,1.000 | Import
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Biotite 1M, titanoan barian - (K1.81Na0.12Ba0
Albite, ordered - NaAlSi3O8 - Triclinic
Calcite - CaCO3 - Rhombo.H.axes
Hematite - Fe2O3 - Rhombo.H.axes
Muscovite 2M1 - KAl2(Si3Al)O10(OH)2 - Mon
Magnetite - FeO·Fe2O3 - Cubic
Microcline, intermediate - KAlSi3O8 - Triclinic
Quartz, syn - SiO2 - Hexagonal
Dolomite - CaMg(CO3)2 - Rhombo.H.axes
File: 09-0366-0066 Linnen 802905.raw
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09-0366-0066 LINNEN 802905 
Hematite - Fe2O3 - Rhombo.H.axes
Magnetite - FeO·Fe2O3 - Cubic
Ankerite - Ca.997(Mg.273Fe.676Mn.054)(CO3)2 - R
Calcite - CaCO3 - Rhombo.H.axes
Muscovite 2M1 - KAl2(Si3Al)O10(OH)2 - Monoclinic
Quartz, syn - SiO2 - Hexagonal
Microcline intermediate - K(Si0.75Al0.25)4O8 - Tricli
Albite, ordered - NaAlSi3O8 - Triclinic
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09-0366-0068 LINNEN 802908
Hematite - Fe2O3 - Rhombo.H.axes
Calcite - CaCO3 - Rhombo.H.axes
Muscovite 3T Si-rich - (K0.93Na0.03)(Al1.54F
Quartz - SiO2 - Hexagonal
Albite, ordered - NaAlSi3O8 - Triclinic
Microcline intermediate - K(Si0.75Al0.25)4O8 
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09-0366-0069 LINNEN 802909
Muscovite 3T Si-rich - (K0.93Na0.03)(Al1.54F
Quartz - SiO2 - Hexagonal
Microcline intermediate - K(Si0.75Al0.25)4O8 
Hematite - Fe2O3 - Rhombo.H.axes
Calcite - CaCO3 - Rhombo.H.axes
Albite, ordered - NaAlSi3O8 - Triclinic
File: A20065 09-0366-0069 LINNEN 802909.r
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09-0366-0070 LINNEN 802910
Muscovite 3T Si-rich - (K0.93Na0.03)(Al1.54F
Quartz - SiO2 - Hexagonal
Microcline intermediate - K(Si0.75Al0.25)4O8 
Hematite - Fe2O3 - Rhombo.H.axes
Calcite - CaCO3 - Rhombo.H.axes
Albite, ordered - NaAlSi3O8 - Triclinic
File: A20066 09-0366-0070 LINNEN 802910 .
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09-0366-0072 LINNEN 802912
Muscovite 3T Si-rich - KAl2(Si3Al)O10(OH,F) 
Quartz - SiO2 - Hexagonal
Microcline intermediate - K(Si0.75Al0.25)4O8 
Hematite - Fe2O3 - Rhombo.H.axes
Calcite - CaCO3 - Rhombo.H.axes
Albite, ordered - NaAlSi3O8 - Triclinic
File: A20067 09-0366-0072 LINNEN 802912.r
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09-0366-0073 LINNEN 802913
Biotite 1M, titanoan barian - (K1.8Na0.15Ba0.
Hematite - Fe2O3 - Rhombo.H.axes
Muscovite 3T Si-rich - KAl2(Si3Al)O10(OH,F) 
Quartz - SiO2 - Hexagonal
Microcline intermediate - K(Si0.75Al0.25)4O8 
Calcite - CaCO3 - Rhombo.H.axes
Albite, ordered - NaAlSi3O8 - Triclinic
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09-0366-0074 Linnen 802916
Dolomite - CaMg(CO3)2 - Rhombo.H.axes
Hematite - Fe2O3 - Rhombo.H.axes
Muscovite 3T Si-rich - KAl2(Si3Al)O10(OH,F) 
Quartz - SiO2 - Hexagonal
Microcline intermediate - K(Si0.75Al0.25)4O8 
Calcite - CaCO3 - Rhombo.H.axes
Albite, ordered - NaAlSi3O8 - Triclinic
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09-0366-0075 LINNEN 802919
Calcite - CaCO3 - Rhombo.H.axes
Hematite - Fe2O3 - Rhombo.H.axes
Quartz - SiO2 - Hexagonal
Microcline intermediate - K(Si0.75Al0.25)4O8 - Triclinic
Albite, ordered - NaAlSi3O8 - Triclinic
File: A20317 09-0366-0075 LINNEN 802919.raw
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09-0366-0078 LINNEN 802925
Biotite 1M, aluminous barian - (K1.84Na0.1Ba
Anhydrite, syn - CaSO4 - Orthorhombic
Hematite - Fe2O3 - Rhombo.H.axes
Quartz - SiO2 - Hexagonal
Microcline intermediate - K(Si0.75Al0.25)4O8 
Calcite - CaCO3 - Rhombo.H.axes
Albite, ordered - NaAlSi3O8 - Triclinic
File: A20318 09-0366-0078 LINNEN 802925.r
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09-0366-0079 LINNEN 802928
Muscovite 3T Si-rich - KAl2(Si3Al)O10(OH,F) 
Hematite - Fe2O3 - Rhombo.H.axes
Quartz - SiO2 - Hexagonal
Microcline intermediate - K(Si0.75Al0.25)4O8 
Calcite - CaCO3 - Rhombo.H.axes
Albite, ordered - NaAlSi3O8 - Triclinic
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09-0366-0080 LINNEN 802930
Chlorite - (Mg,Fe)5(Al,Si)5O10(OH)8 - Monocl
Muscovite 3T - Al3Si3K(OH)2O10 - Hexagona
Hematite - Fe2O3 - Rhombo.H.axes
Quartz - SiO2 - Hexagonal
Microcline intermediate - K(Si0.75Al0.25)4O8 
Calcite - CaCO3 - Rhombo.H.axes
Albite, ordered - NaAlSi3O8 - Triclinic
File: A20320 09-0366-0080 LINNEN 802930.r
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09-0366-0081 LINNEN 802931
Muscovite 3T - Al3Si3K(OH)2O10 - Hexagona
Anhydrite - Ca(SO4) - Orthorhombic
Hematite - Fe2O3 - Rhombo.H.axes
Quartz - SiO2 - Hexagonal
Microcline intermediate - K(Si0.75Al0.25)4O8 
Calcite - CaCO3 - Rhombo.H.axes
Albite, ordered - NaAlSi3O8 - Triclinic
File: A20321 09-0366-0081 LINNEN 802931.r
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09-0366-0082 LINNEN 802933
Biotite 1M, aluminous barian - (K1.84Na0.1Ba
Muscovite 3T - Al3Si3K(OH)2O10 - Hexagona
Hematite - Fe2O3 - Rhombo.H.axes
Quartz - SiO2 - Hexagonal
Microcline intermediate - K(Si0.75Al0.25)4O8 
Calcite - CaCO3 - Rhombo.H.axes
Albite, ordered - NaAlSi3O8 - Triclinic
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09-0366-0083 LINNEN 802935
Hematite - Fe2O3 - Rhombo.H.axes
Quartz - SiO2 - Hexagonal
Microcline intermediate - K(Si0.75Al0.25)4O8 - Triclinic
Calcite - CaCO3 - Rhombo.H.axes
Albite, ordered - NaAlSi3O8 - Triclinic
File: A20323 09-0366-0083 LINNEN 802935.raw
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803324-YD07-52
Rutile, syn - TiO2 - Tetragonal
Pyrite, syn - FeS2 - Cubic
Hematite - Fe2O3 - Rhombo.H.axes
Calcite - CaCO3 - Rhombo.H.axes
Ankerite - Ca.997(Mg.273Fe.676Mn.054)(CO3)2 - R
Microcline intermediate - K(AlSi3O8) - Triclinic
Muscovite - H4K2(Al,Fe)6Si6O24 - Monoclinic
Albite low - Na(AlSi3O8) - Triclinic
Operations: Background 1.000,0.010 | Import
File: A22261- 803324-YD07-52.raw
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Appendix G: X-Ray Diffraction Patterns in Lower YD Zone 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
803326-YD07-52
Zircon - ZrSiO4 - Tetragonal
Biotite 1M Ti-rich - K(Mg1.76Fe.7Ti.54)(Al1.08Si2.9
Rutile - TiO2 - Tetragonal
Calcite - CaCO3 - Rhombo.H.axes
Ankerite - Ca.997(Mg.273Fe.676Mn.054)(CO3)2 - R
Hematite - Fe2O3 - Rhombo.H.axes
Muscovite - H4K2(Al,Fe)6Si6O24 - Monoclinic
Clinochlore (IIb-4) - Mg4.882Fe0.22Al1.881Si2.96O
Microcline, inter - KAlSi3O8 - Triclinic
Albite low - Na(AlSi3O8) - Triclinic
Operations: Background 1.000,0.010 | Import
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803334-YD06-23
Biotite 1M, titanoan barian - (K1.8Na0.15Ba0.
Pyrite, syn - FeS2 - Cubic
Hematite - Fe2O3 - Rhombo.H.axes
Ankerite - Ca1.01Mg0.45Fe0.54(CO3)2 - Rho
Muscovite - H4K2(Al,Fe)6Si6O24 - Monoclinic
Clinochlore (IIb-4) - Mg4.882Fe0.22Al1.881Si
Microcline, inter - KAlSi3O8 - Triclinic
Albite low - Na(AlSi3O8) - Triclinic
Operations: Background 1.000,0.010 | Import
File: A22263- 803334-YD06-23.raw
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803337-YD06-23
Biotite 1M, titanoan barian - (K1.8Na0.15Ba0.
Calcite - CaCO3 - Rhombo.H.axes
Ankerite - Ca(Mg0.67Fe0.33+2)(CO3)2 - Rho
Hematite - Fe2O3 - Rhombo.H.axes
Clinochlore (IIb-4) - Mg4.882Fe0.22Al1.881Si
Microcline, inter - KAlSi3O8 - Triclinic
Albite low - Na(AlSi3O8) - Triclinic
Operations: Background 1.000,0.010 | Import
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803338-YD06-23
Biotite 1M, titanoan barian - (K1.8Na0.15Ba0.
Clinochlore (IIb-4) - Mg4.882Fe0.22Al1.881Si
Hematite - Fe2O3 - Rhombo.H.axes
Pyrite - FeS2 - Cubic
Microcline, inter - KAlSi3O8 - Triclinic
Albite low - Na(AlSi3O8) - Triclinic
Operations: Background 1.000,0.010 | Import
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803339-YD06-23
Clinochlore (IIb-4) - Mg4.882Fe0.22Al1.881Si2.96O
Magnetite - Fe3O4 - Cubic
Ankerite - Ca.997(Mg.273Fe.676Mn.054)(CO3)2 - R
Muscovite - H4K2(Al,Fe)6Si6O24 - Monoclinic
Microcline, inter - KAlSi3O8 - Triclinic
Albite low - Na(AlSi3O8) - Triclinic
Operations: Background 1.000,0.010 | Import
File: A22266- 803339-YD06-23.raw
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803340-YD06-23
Biotite 1M, titanoan barian - (K1.8Na0.15Ba0.
Hematite - Fe2O3 - Rhombo.H.axes
Ankerite - Ca.997(Mg.273Fe.676Mn.054)(CO
Calcite - CaCO3 - Rhombo.H.axes
Microcline intermediate - K(AlSi3O8) - Triclinic
Muscovite - H4K2(Al,Fe)6Si6O24 - Monoclinic
Clinochlore (IIb-4) - Mg4.882Fe0.22Al1.881Si
Albite low - Na(AlSi3O8) - Triclinic
Operations: Background 1.000,0.010 | Import
File: A22267- 803340-YD06-23.raw
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803342-YD06-21A
Talc - Mg3(Si2O5)2(OH)2 - Triclinic
Zoisite - Ca2Al3Si3O12(OH) - Orthorhombic
Anhydrite - Ca(SO4) - Orthorhombic
Biotite 1M, titanoan barian - (K1.8Na0.15Ba0.05)(M
Rutile - TiO2 - Tetragonal
Clinochlore (IIb-4) - Mg4.882Fe0.22Al1.881Si2.96O
Microcline, inter - KAlSi3O8 - Triclinic
Albite low - Na(AlSi3O8) - Triclinic
Operations: Background 1.000,0.010 | Import
File: A22268- 803342-YD06-21A.raw
L
in
 (
C
o
u
n
ts
)
0
1000
2000
3000
4000
5000
6000
7000
8000
9000
10000
2-Theta - Scale
2 10 20 30 40 50 60 70 80
139 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
803344-YD06-21A
Biotite 1M, titanoan barian - (K1.8Na0.15Ba0.
Clinochlore (IIb-4) - Mg4.882Fe0.22Al1.881Si
Pyrite - FeS2 - Cubic
Hematite, syn - Fe2O3 - Rhombo.H.axes
Calcite magnesian - (Mg.064Ca.936)(CO3) - 
Ankerite - Ca.997(Mg.273Fe.676Mn.054)(CO
Muscovite 2M1 - KAl2(AlSi3O10)(OH)2 - Mon
Microcline intermediate - K(AlSi3O8) - Triclinic
Albite low - Na(AlSi3O8) - Triclinic
Operations: Background 1.000,0.010 | Import
File: A22269- 803344-YD06-21A.raw
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803345-YD06-21A
Biotite 1M, titanoan barian - (K1.8Na0.15Ba0.
Clinochlore (IIb-4) - Mg4.882Fe0.22Al1.881Si
Hematite, syn - Fe2O3 - Rhombo.H.axes
Calcite - CaCO3 - Rhombo.H.axes
Ankerite - Ca.997(Mg.273Fe.676Mn.054)(CO
Muscovite - H4K2(Al,Fe)6Si6O24 - Monoclinic
Microcline intermediate - K(AlSi3O8) - Triclinic
Albite low - Na(AlSi3O8) - Triclinic
Operations: Background 1.000,0.010 | Import
File: A22270- 803345-YD06-21A.raw
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803346-YD06-21A
Biotite 1M Ti-rich - K(Mg1.76Fe.7Ti.54)(Al1.08Si2.9
Actinolite - CaO·3(Mg,Fe+2)O·4SiO2 - 
Rutile - TiO2 - Tetragonal
Clinochlore (IIb-4) - Mg4.882Fe0.22Al1.881Si2.96O
Hematite - Fe2O3 - Rhombo.H.axes
Calcite - CaCO3 - Rhombo.H.axes
Ankerite - Ca.997(Mg.273Fe.676Mn.054)(CO3)2 - R
Muscovite 3T Si-rich - KAl2(Si3Al)O10(OH,F) - Hexa
Albite, ordered - NaAlSi3O8 - Triclinic
Microcline intermediate - K(AlSi3O8) - Triclinic
Operations: Background 1.000,0.010 | Import
File: A22271- 803346-YD06-21A.raw
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803347-YD06-21A
Hematite - Fe2O3 - Rhombo.H.axes
Clinochlore (IIb-4) - Mg4.882Fe0.22Al1.881Si2.96O
Calcite - CaCO3 - Rhombo.H.axes
Ankerite - Ca.997(Mg.273Fe.676Mn.054)(CO3)2 - R
Muscovite 2M1 - KAl2(AlSi3O10)(OH)2 - Monoclinic
Microcline intermediate - K(AlSi3O8) - Triclinic
Albite low - Na(AlSi3O8) - Triclinic
Operations: Background 1.000,0.010 | Import
File: A22272- 803347-YD06-21A.raw
L
in
 (
C
o
u
n
ts
)
0
1000
2000
3000
4000
5000
6000
7000
2-Theta - Scale
2 10 20 30 40 50 60 70 80
141 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
803348-YD06-21A
Clinochlore (IIb-4) - Mg4.882Fe0.22Al1.881Si2.96O
Hematite - Fe2O3 - Rhombo.H.axes
Calcite - CaCO3 - Rhombo.H.axes
Muscovite 2M1 - KAl2(AlSi3O10)(OH)2 - Monoclinic
Microcline intermediate - K(AlSi3O8) - Triclinic
Albite low - Na(AlSi3O8) - Triclinic
Operations: Background 1.000,0.010 | Import
File: A22273- 803348-YD06-21A.raw
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803351-YD07-34
Hematite - Fe2O3 - Rhombo.H.axes
Clinochlore (IIb-4) - Mg4.882Fe0.22Al1.881Si2.96O
Calcite - CaCO3 - Rhombo.H.axes
Muscovite 2M1 - KAl2(AlSi3O10)(OH)2 - Monoclinic
Microcline intermediate - K(AlSi3O8) - Triclinic
Albite low - Na(AlSi3O8) - Triclinic
Operations: Background 1.000,0.010 | Import
File: A22274- 803351-YD07-34.raw
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803352-YD07-34
Biotite 1M Ti-rich - K(Mg1.76Fe.7Ti.54)(Al1.08
Actinolite - CaO·3(Mg,Fe+2)O·4SiO2 - 
Rutile - TiO2 - Tetragonal
Calcite - CaCO3 - Rhombo.H.axes
Muscovite 2M1 - KAl2(AlSi3O10)(OH)2 - Mon
Microcline intermediate - K(AlSi3O8) - Triclinic
Clinochlore (IIb-4) - Mg4.882Fe0.22Al1.881Si
Albite low - Na(AlSi3O8) - Triclinic
Operations: Background 1.000,0.010 | Import
File: A22275- 803352-YD07-34.raw
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803353-YD07-34
Actinolite - Ca-Mg-Fe+2-SiO2-OH - 
Clinochlore (IIb-4) - Mg4.882Fe0.22Al1.881Si
Pyrite - FeS2 - Cubic
Calcite magnesian - (Mg.064Ca.936)(CO3) - 
Hematite - Fe2O3 - Rhombo.H.axes
Ankerite - Ca.997(Mg.273Fe.676Mn.054)(CO
Muscovite 2M1 - KAl2(AlSi3O10)(OH)2 - Mon
Microcline, inter - KAlSi3O8 - Triclinic
Albite low - Na(AlSi3O8) - Triclinic
Operations: Background 1.000,0.010 | Import
File: A22276- 803353-YD07-34.raw
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803354-YD07-34
Calcite - CaCO3 - Rhombo.H.axes
Biotite 1M Ti-rich - K(Mg1.76Fe.7Ti.54)(Al1.08Si2.9
Actinolite - Ca-Mg-Fe+2-SiO2-OH - 
Rutile - TiO2 - Tetragonal
Magnetite - Fe2.936O4 - Cubic
Hematite - Fe2O3 - Rhombo.H.axes
Clinochlore (IIb-4) - Mg4.882Fe0.22Al1.881Si2.96O
Muscovite 2M1 - KAl3Si3O10(OH)2 - Monoclinic
Microcline intermediate - K(AlSi3O8) - Triclinic
Albite, ordered - NaAlSi3O8 - Triclinic
Operations: Background 1.000,0.010 | Import
File: A22277- 803354-YD07-34.raw
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803356-YD07-34
Actinolite - Ca-Mg-Fe+2-SiO2-OH - 
Magnetite - Fe2.936O4 - Cubic
Pyrite - FeS2 - Cubic
Calcite - CaCO3 - Rhombo.H.axes
Ankerite - Ca.997(Mg.273Fe.676Mn.054)(CO
Clinochlore (IIb-4) - Mg4.882Fe0.22Al1.881Si
Microcline intermediate - K(AlSi3O8) - Triclinic
Muscovite 2M1 - KAl3Si3O10(OH)2 - Monocli
Albite low - Na(AlSi3O8) - Triclinic
Operations: Background 1.000,0.010 | Import
File: A22278- 803356-YD07-34.raw
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803357-YD06-26
Microcline intermediate - K(AlSi3O8) - Triclinic
Calcite - CaCO3 - Rhombo.H.axes
Hematite - Fe2O3 - Rhombo.H.axes
Ankerite - Ca.997(Mg.273Fe.676Mn.054)(CO
Clinochlore (IIb-4) - Mg4.882Fe0.22Al1.881Si
Albite low - Na(AlSi3O8) - Triclinic
Operations: Background 1.000,0.010 | Import
File: A22279- 803357-YD06-26.raw
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803360-YD06-26
Epidote - Ca2Al2FeSi3O12(OH) - Monoclinic
Biotite 1M, titanoan barian - (K1.8Na0.15Ba0.05)(M
Rutile - TiO2 - Tetragonal
Anhydrite - Ca(SO4) - Orthorhombic
Muscovite 2M1 - KAl3Si3O10(OH)2 - Monoclinic
Ankerite - Ca.997(Mg.273Fe.676Mn.054)(CO3)2 - R
Microcline, inter - KAlSi3O8 - Triclinic
Albite low - Na(AlSi3O8) - Triclinic
Operations: Background 1.000,0.010 | Import
File: A22280- 803360-YD06-26.raw
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803361-YD06-26
Calcite magnesian - (Mg.064Ca.936)(CO3) - Rhomb
Hematite - Fe2O3 - Rhombo.H.axes
Clinochlore (IIb-4) - Mg4.882Fe0.22Al1.881Si2.96O
Ankerite - Ca.997(Mg.273Fe.676Mn.054)(CO3)2 - R
Microcline, inter - KAlSi3O8 - Triclinic
Albite low - Na(AlSi3O8) - Triclinic
Operations: Background 1.000,0.010 | Import
File: A22281- 803361-YD06-26.raw
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803363-YD06-26
Anhydrite - Ca(SO4) - Orthorhombic
Biotite 1M, titanoan barian - (K1.8Na0.15Ba0.
Calcite - CaCO3 - Rhombo.H.axes
Hematite - Fe2O3 - Rhombo.H.axes
Magnetite - Fe2.936O4 - Cubic
Muscovite 3T Si-rich - KAl2(Si3Al)O10(OH,F) 
Clinochlore (IIb-4) - Mg4.882Fe0.22Al1.881Si
Microcline, inter - KAlSi3O8 - Triclinic
Albite low - Na(AlSi3O8) - Triclinic
Operations: Background 1.000,0.010 | Import
File: A22282- 803363-YD06-26.raw
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803364-YD06-26
Biotite 1M, titanoan barian - (K1.8Na0.15Ba0.
Muscovite 2M1 - KAl3Si3O10(OH)2 - Monocli
Hematite - Fe2O3 - Rhombo.H.axes
Clinochlore (IIb-4) - Mg4.882Fe0.22Al1.881Si
Microcline, inter - KAlSi3O8 - Triclinic
Albite low - Na(AlSi3O8) - Triclinic
Operations: Background 1.000,0.010 | Import
File: A22283- 803364-YD06-26.raw
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803368-YD06-21
Magnetite - Fe2.936O4 - Cubic
Hematite - Fe2O3 - Rhombo.H.axes
Calcite - CaCO3 - Rhombo.H.axes
Ankerite - Ca.997(Mg.273Fe.676Mn.054)(CO3)2 - R
Muscovite 2M1 - KAl3Si3O10(OH)2 - Monoclinic
Clinochlore (IIb-4) - Mg4.882Fe0.22Al1.881Si2.96O
Microcline, inter - KAlSi3O8 - Triclinic
Albite low - Na(AlSi3O8) - Triclinic
Operations: Background 1.000,0.010 | Import
File: A22393- 803368-YD06-21.raw
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803370-YD06-21
Zoisite - Ca2Al3Si3O12(OH) - Orthorhombic
Biotite 1M, titanoan barian - (K1.8Na0.15Ba0.
Hematite - Fe2O3 - Rhombo.H.axes
Ankerite - Ca.997(Mg.273Fe.676Mn.054)(CO
Muscovite 2M1 - KAl3Si3O10(OH)2 - Monocli
Microcline, inter - KAlSi3O8 - Triclinic
Albite low - Na(AlSi3O8) - Triclinic
Operations: Background 1.000,0.010 | Import
File: A22394- 803370-YD06-21.raw
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803371-YD06-21
Calcite - CaCO3 - Rhombo.H.axes
Hematite - Fe2O3 - Rhombo.H.axes
Ankerite - Ca.997(Mg.273Fe.676Mn.054)(CO3)2 - R
Muscovite 2M1 - KAl3Si3O10(OH)2 - Monoclinic
Microcline, inter - KAlSi3O8 - Triclinic
Albite low - Na(AlSi3O8) - Triclinic
Operations: Background 1.000,0.010 | Import
File: A22395- 803371-YD06-21.raw
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803372-YD06-21
Rutile - TiO2 - Tetragonal
Hematite - Fe2O3 - Rhombo.H.axes
Ankerite - Ca.997(Mg.273Fe.676Mn.054)(CO
Muscovite 2M1 - KAl3Si3O10(OH)2 - Monocli
Microcline, inter - KAlSi3O8 - Triclinic
Albite low - Na(AlSi3O8) - Triclinic
Operations: Background 1.000,0.010 | Import
File: A22396- 803372-YD06-21.raw
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803375-YD07-46
Clinochlore (IIb-4) - Mg4.882Fe0.22Al1.881Si2.96O
Hematite - Fe2O3 - Rhombo.H.axes
Ankerite - Ca.997(Mg.273Fe.676Mn.054)(CO3)2 - R
Muscovite 2M1 - KAl3Si3O10(OH)2 - Monoclinic
Microcline, inter - KAlSi3O8 - Triclinic
Albite low - Na(AlSi3O8) - Triclinic
Operations: Background 1.000,0.010 | Import
File: A22397- 803375-YD07-46.raw
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803376-YD07-46
Pyrite, syn - FeS2 - Cubic
Clinochlore (IIb-4) - Mg4.882Fe0.22Al1.881Si2.96O
Hematite - Fe2O3 - Rhombo.H.axes
Ankerite - Ca.997(Mg.273Fe.676Mn.054)(CO3)2 - R
Muscovite 2M1 - KAl3Si3O10(OH)2 - Monoclinic
Microcline, inter - KAlSi3O8 - Triclinic
Albite low - Na(AlSi3O8) - Triclinic
Operations: Background 1.000,0.010 | Import
File: A22398- 803376-YD07-46.raw
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803379-YD07-46
Zircon - ZrSiO4 - Tetragonal
Biotite 1M Ti-rich - K(Mg1.76Fe.7Ti.54)(Al1.08Si2.9
Rutile - TiO2 - Tetragonal
Anhydrite - Ca(SO4) - Orthorhombic
Calcite - CaCO3 - Rhombo.H.axes
Clinochlore (IIb-4) - Mg4.882Fe0.22Al1.881Si2.96O
Hematite - Fe2O3 - Rhombo.H.axes
Muscovite 2M1 - KAl3Si3O10(OH)2 - Monoclinic
Microcline, inter - KAlSi3O8 - Triclinic
Albite low - Na(AlSi3O8) - Triclinic
Operations: Background 1.000,0.010 | Import
File: A22399- 803379-YD07-46.raw
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803380-YD07-46
Actinolite - Ca-Mg-Fe+2-SiO2-OH - 
Rutile - TiO2 - Tetragonal
Clinochlore (IIb-4) - Mg4.882Fe0.22Al1.881Si
Hematite - Fe2O3 - Rhombo.H.axes
Muscovite 2M1 - KAl3Si3O10(OH)2 - Monocli
Microcline, inter - KAlSi3O8 - Triclinic
Albite low - Na(AlSi3O8) - Triclinic
Operations: Background 1.000,0.010 | Import
File: A22400- 803380-YD07-46.raw
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803382-YD08-78A
Rutile - TiO2 - Tetragonal
Calcite - CaCO3 - Rhombo.H.axes
Clinochlore (IIb-4) - Mg4.882Fe0.22Al1.881Si
Hematite - Fe2O3 - Rhombo.H.axes
Muscovite 3T Si-rich - KAl2(Si3Al)O10(OH,F) 
Microcline, inter - KAlSi3O8 - Triclinic
Albite low - Na(AlSi3O8) - Triclinic
Operations: Background 1.000,0.010 | Import
File: A22401- 803382-YD08-78A.raw
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803383-YD08-78A
Ankerite - Ca.997(Mg.273Fe.676Mn.054)(CO3)2 - R
Clinochlore (IIb-4) - Mg4.882Fe0.22Al1.881Si2.96O
Hematite - Fe2O3 - Rhombo.H.axes
Microcline, ordered - KAlSi3O8 - Triclinic
Muscovite 3T Si-rich - KAl2(Si3Al)O10(OH,F) - Hexa
Albite low - Na(AlSi3O8) - Triclinic
Operations: Background 1.000,0.010 | Import
File: A22402- 803383-YD08-78A.raw
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803384-YD08-78A
Ankerite - Ca.997(Mg.273Fe.676Mn.054)(CO3)2 - R
Magnetite - Fe3O4 - Cubic
Hematite - Fe2O3 - Rhombo.H.axes
Microcline, ordered - KAlSi3O8 - Triclinic
Muscovite 3T Si-rich - KAl2(Si3Al)O10(OH,F) - Hexa
Albite low - Na(AlSi3O8) - Triclinic
Operations: Background 1.000,0.010 | Import
File: A22403- 803384-YD08-78A.raw
L
in
 (
C
o
u
n
ts
)
0
1000
2000
3000
4000
2-Theta - Scale
2 10 20 30 40 50 60 70 80
152 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
803385-YD08-78A
Biotite 1M, titanoan barian - (K1.8Na0.15Ba0.
Magnetite - Fe3O4 - Cubic
Hematite - Fe2O3 - Rhombo.H.axes
Calcite - CaCO3 - Rhombo.H.axes
Ankerite - Ca.997(Mg.273Fe.676Mn.054)(CO
Clinochlore (IIb-4) - Mg4.882Fe0.22Al1.881Si
Microcline, ordered - KAlSi3O8 - Triclinic
Muscovite 3T Si-rich - KAl2(Si3Al)O10(OH,F) 
Albite low - Na(AlSi3O8) - Triclinic
Operations: Background 1.000,0.010 | Import
File: A22404- 803385-YD08-78A.raw
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803386-YD08-78A
Biotite 1M, titanoan barian - (K1.8Na0.15Ba0.
Hematite - Fe2O3 - Rhombo.H.axes
Ankerite - Ca.997(Mg.273Fe.676Mn.054)(CO
Clinochlore (IIb-4) - Mg4.882Fe0.22Al1.881Si
Microcline, ordered - KAlSi3O8 - Triclinic
Muscovite 3T Si-rich - KAl2(Si3Al)O10(OH,F) 
Albite low - Na(AlSi3O8) - Triclinic
Operations: Background 1.000,0.010 | Import
File: A22405- 803386-YD08-78A.raw
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803388-YD07-55
Calcite - CaCO3 - Rhombo.H.axes
Hematite - Fe2O3 - Rhombo.H.axes
Clinochlore (IIb-4) - Mg4.882Fe0.22Al1.881Si2.96O
Muscovite 3T Si-rich - KAl2(Si3Al)O10(OH,F) - Hexa
Albite low - Na(AlSi3O8) - Triclinic
Microcline, ordered - KAlSi3O8 - Triclinic
Operations: Background 1.000,0.010 | Import
File: A22406- 803388-YD07-55.raw
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803389-YD07-55
Biotite 1M, titanoan barian - (K1.8Na0.15Ba0.05)(M
Rutile - TiO2 - Tetragonal
Calcite - CaCO3 - Rhombo.H.axes
Hematite - Fe2O3 - Rhombo.H.axes
Clinochlore (IIb-4) - Mg4.882Fe0.22Al1.881Si2.96O
Muscovite 2M1 - KAl3Si3O10(OH)2 - Monoclinic
Albite low - Na(AlSi3O8) - Triclinic
Microcline, ordered - KAlSi3O8 - Triclinic
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